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PKEFACE. 

There are in this country some thousands of civil and mechanical engineers, 
architects, and surveyors who find they have, in increasingly numerous 
cases, to design and superintend erections involving in some form or other the 
employment of mild steelwork. A few years ago this material was seldom 
used except by railway companies, Government departments and a few con- 
sulting engineers ; but with its adaptation to building and to the ordinary 
requirements of the smaller engineering enterprises, it has become imperative 
that every designer should know something about it. 

So far as its mere mathematics go, any educated man may easily, in a short 
time, extract sufficient from any of the many excellent text-books now 
published to assure himself that his ideas are theoretically beyond reproach, 
and that he has got a sufficient quantity of metal in the right places to ensure 
stability. He is, however, badly handicapped by his lack of practical know- 
ledge. He does not know, of himself, the best practical dispositions to make 
for economy, and all unconsciously he wastes valuable time and money every 
time he shapes his ideas on paper. This is not his fault, but is due to the 
lack of opportunity hitherto to correct any notions he may have formed, by 
reference to some plain account of the essentials and modes of manufacture. 
Text-books cannot within their limits do more than merely skirt this question, 
although in reality it is quite as serious and worthy of earnest study as is 
pure theory. 

The present work is an effort to afford to designers generally an indication 
of what they should seek to embody in their creations ; it is hoped that it may 
be also a handbook for those practically engaged in the trade. As the out- 
come of a series of articles appearing in The Engineer between 1900 and the 
present time, on various phases of modern steelwork design and practice, some 
of Part I. of the book will not be altogether new, although it has been entirely 
rewritten. Part II. has never previously appeared. 

The author desires to express his indebtedness to the editor of The 
Engineer for kind counsel and help. 
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His thanks are also due to the following firms for their courtesy in lending 

blocks for illustration, or for photographs of special machines : — Messrs Sir 

Wm. Arrol <k Co., Ltd. ; Henry Berry & Co., Ltd. ; Buck <k Hickman, Ltd. ; 

J. Butler <k Co. ; John Cameron <fc Co., Ltd. ; Campbell <k Hunter, Ltd. ; 

Consolidated Pneumatic Tool Co., Ltd. ; De Bergue & Co., Ltd. ; The 

Proprietors of The Engineer ; Messrs Fielding <fc Piatt, Ltd. ; Wm. Muir <fc 

Co., Ltd. ; Peter Pilkington, Ltd. ; Rice & Co., Ltd. ; Scriven <fc Co. ; Hugh 

Smith & Co., Ltd. 

A. W. FARNSWORTH. 
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PART I.— PRACTICAL DESIGNING. 

CHAPTER I. 

IDEAL DESIGNING. 

One of the most remarkable developments of the nineteenth century was the 
gradual growth of engineering enterprises from small to gigantic undertakings, 
made possible by the discovery and utilisation of new materials. So far as 
the knowledge of the present generation goes, the span of time known to us as 
the " Nineteenth Century " stands unparalleled for the records of the achieve- 
ments of engineering science. The year 1900 looked upon a totally different 
world to what 1800 saw ; and, so far as we know now, it was a world without 
precedent in the visible proofs of the industry and the intelligence of man. 
Whether the general happiness and welfare of the community also kept pace 
is matter for speculation ; certain it is, however, that mankind was able to 
point with somewhat pardonable pride to records and evidences of his thinking 
and constructive powers that in the former century were not even dreamed of. 
The contributory causes were undoubtedly the comparatively peaceful 
times that were experienced, and the leisure and opportunities that ensued for 
the cultivation of the peaceful arts. During that period man changed from a 
combatively warlike to a competitively peaceful individual ; he moved the venue 
of his energies from the stricken field to the counting-house, and his honours 
were gained in commerce in lieu of in warfare. But the same restless, dis- 
satisfied, grasping spirit which drove him in the previous and preceding 
centuries to internecine strife and violent war on others, was still, and apparently 
ever will be, unabated ; the direction of its current only was altered, and, guided 
into other channels, proved its virility by the eagerness with which men 
strove to eclipse each other's efforts, until when 1900 dawned the earth had 
been covered by monuments of his prowess which, unlike those of former days, 
were intended for the benefit and gain of the living rather than as testimonies 
to the dead only. It could hardly be urged that the human race had suddenly 
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advanced materiaUy in skill and taken a great stride forward mentally ; such 
developments were more the evidences of greater opportunities and of the 
new direction given to energies which had formerly been absorbed by the 
race for temporal powers. 

Neither would it be correct to say that in the past smaller things had 
sufficed because ambition was not so dominant. Rather would it be more 
true to say that ambition was then limited by possibilities ; that the greater 
possibilities in the nineteenth century enabled ambition to mount ; and that, 
through the prevalence of peace, time had been allowed for investigation in 
many directions to yield fruit. Man had brought to his hands many strange 
and hitherto unknown weapons with which to pursue the arts of peace, and 
with these, employing the energies he formerly lavished so freely elsewhere, 
he built these monuments to his name. Development was admittedly 
abnormal, but it was not really strangely so, considering the circumstances of 
the times. 

Looming very largely amongst these new weapons were the various 
products of iron ore, and with them were created some of the most imposing 
of the new works. Commencing with cast-iron — which had been known for 
ages, though not commercially so — that century saw wrought-iron and finally 
mild steel so highly developed that to-day we have engineering structures 
of a span, height, and depth formerly deemed impossible. Many other metals 
besides these are new to that period, but it is to the utilisation and employ- 
ment of these that the greatest works are due. The mere mention of a 
Brooklyn Bridge, a Forth Bridge, a Tower Bridge, a Celtic or a Gedric, 
or even a typical "skyscraper," conjures up to the imagination a thing of 
immensity, complexity, and, in a sense, grandeur such as our forefathers 
never dreamed of An enumeration of the new things that have been created 
since 1800 dawned would almost bo an impossibility — in every direction 
these metals have been made free use of. All branches of engineering owe to 
them an immense debt ; without them most of our boasted feats would yet 
have to see the light. 

It is with these metals that this work proposes to deal. Not in a 
historical or dryly technical or theoretical or enumerative sense, but in a 
purely practical manner. The present methods of manufacture, means of 
manufacture, application, use and abuse — these will be discussed and dissected 
for the everyday use of the practical man engaged in working with them. 

Needless to say, the use of materials of such proved possibilities and such 
immense probabilities has given birth to a science connected with its applica- 
tion and to a class of men specially skilled and employed therein. Such an 
important science has its own literature and professors, and he would be a 
bold man who set out to proclaim new lines of thought or to evolve new 
theories of action. This work, it may be said, has no such intention. Its 
object is to call attention to the practical side of constructional engineering 
as distinct from the theoretical ; and to bring to the notice of those engaged 
wholly or occasionally with the materials of constructional work those 
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considerations other than theoretical which will help them in the evolution 
of their designs. 

It is a very common fault nowadays to put blind faith in mathematics. 
The fact is not inherently reprehensible, since it is an outcome of the modern 
conditions of life, in which the craftsman has ceased to be also the designer ; 
each now goes his own way, and the craftsman too often only cultivates his 
muscles, whilst the designer drifts more and more from the handicraft to the 
purely theoretical frame of mind. At the same time the fault is a serious one, 
for it has given us a class of men whose figures have become their gods, and 
who are only too prone to believe that the highest aims of life are to be satis- 
fied by a strict adherence to the dictates of theory. On the other hand, the 
craftsman has grown more and more wedded to the craft, and has come to 
regard the work itself as the end rather than as the means towards an end. 
He looks upon the designer with contempt, laughs at his figures, and pins his 
faith on the old proverb that "an ounce of fact is worth a pound of theory." 
We have thus two classes, each, by their scorn of and contempt for the 
methods of the other, gradually driving each other to extremes in their policies. 

What could be more disastrous ? Neither really knows the other. Both 
seem to themselves to have the best of grounds for their belief and practices ; 
both have grown bigots in their calling. The one puts scientific education 
before everything; the other practical apprenticeship. Much acrimony has 
been shown by both sides in the dissensions that have from time to time taken 
place, and even personalities have been dragged in and besmirched. Now, no 
man can say this is engineering, or that such divisions are worthy of 
supposedly sensible men. As ever, the probabilities are that both are partly 
right and both are partly wrong ; and that a blending of the right in each 
would produce the ideal. Anyway, it will be freely granted that nothing but 
good can come of any attempt made by the one to understand the other. It is 
hoped that the consideration of what follows in this volume may help the 
theoretical man and the consulting and designing engineer to understand 
better the position of the practical man and the maker; and perhaps the 
latter may find help also from its perusal, and be interested in the aims and 
objects of others, and in the work and tools described. 

One of the commonest faults of the designer of any work is to get 
so interested and wrapped up in his subject as to pursue his work without a 
proper regard for the £ s. d. involved. A special machine has to be designed 
for some intricate work, and the draughtsman engaged is both bothered and 
pleased with his subject — its difficulties perplex him, whilst their solution gives 
him the keenest gratification. As his mind, engrossed to the exclusion of 
everything else, grapples with and analyses his problem, he, pleased with an 
ingenious arrangement of a part, forgets to some extent that the motive for all 
his work is economy, and designs that part without due inquiry as to whether 
the arrangement is actually the simplest and most inexpensive that could 
be adopted. True, the machine, as he turns it out, may make for economy of 
manufacture ; but it is to an extent handicapped by the expense of its own 
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production from showing the utmost available economy. This is where 
mathematics and pure theory part ways with practical work. Obviously the 
right thing to do is to secure the greatest economy all round. 

Possibly the work in hand is that of a large bridge spanning many 
hundreds of feet, and involving in its manufacture thousands of tons of mild 
steelwork. Before a stroke can be put on paper towards the design proper, 
many reams of figures will have to see the light, and much careful calculation 
be done. The engineer is aware that he has to pay so many pounds for every 
ton of material used, and so the obvious economy is to use as little as is barely 
possible. Proceeding on these lines, he carries his figures to their finest point, 
and works in his materials, shapes, and sections on the same basis. He would 
be more than surprised to be told that his design was a very wasteful one, and 
would at once fly to the conclusion that he had made some errors in his figures. 
Yet the critic would probably have no such idea. In fact, he might very well 
be a practically uneducated man who would be puzzled to add together f and 
•75. What would be meant would be that the engineer had neglected certain 
axioms known to his critic ; axioms and observances that make for inexpensive 
manufacture, and which, disregarded, put up the price per ton to a much 
higher figure. He had economised his material and wasted his labour, with 
the result that he would have to pay much more for his structure than if 
he had been more liberal with his material and had studied to economise 
his labour. 

The fact that labour costs money hardly seems to be realised in drawing 
offices other than those attached to a works; and very often is lost sight 
of even there. The practice of averaging machine tools and mechanical work 
at a rate per ton, and of buying mild steelwork on a tonnage basis, has 
contributed, doubtless, very materially to this. It has caused the labour to be 
lost sight of in the material, and has tended to put a fictitious value on the 
latter at the expense of the former. 

Now, every man engaged in any of the branches of engineering is by his 
very education willing to freely admit that it is possible to carry good ideas 
to a point where they lose their value, and become not only worthless, but 
actively antagonistic to the very points sought. The truth is exemplified so 
very often in everyone's experience that it is perhaps unnecessary even to 
mention it. Yet, as engineers, we are constantly and hourly guilty of such 
practices ! We each develop our little idiosyncrasies, our own likes and 
dislikes, and exhibit in our work leanings towards certain observances ; our 
minds get biased ; we like certain points and dislike others, not altogether 
as the outcome of pure reasoning, but rather in a personal and characteristic 
way. Our work constantly exhibits these traits, and, so far, it is bad. 
Habit in designing is fatal to the progressiveness of all work. Instead of 
dispassionately judging every circumstance in conjunction with all others, 
we temporarily leave some out of our calculations, knowingly and of set 
purpose, and try to bring them in later and modify things perhaps a little 
to suit. 
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Probably no man is proof against himself, and his nature will out in spite 
of himself at times. But in the engineering profession, as in the legal, a 
well-balanced understanding is essential to success, and the engineer must 
possess the faculty of putting himself outside himself, and of viewing his 
work and efforts from a disinterested standpoint. He must carefully consider 
every circumstance. He will seldom make the mistake of omitting peremptory 
points of design and essential factors to successful working ; but he is very 
apt to overlook such apparent trifles as relative costs of designs, not, perhaps, 
in the larger sense, but in the smaller sense as applied to details. And yet 
more often than not these are, after all, the controlling factors in costs. The 
engineer will carefully select a type as being an acknowledged economical one ; 
and he will then clothe that type with so many refinements that he renders 
it more costly than the supposedly more expensive one that he had rejected. 
Of course it is more than probable that he would so direct things that in his 
hands both would manage to retain their comparative costs, and in that case 
the only test is a comparison with the work of others. But the fact remains 
that he has not exercised that judicial regard for his work that as a trained 
man he should have done. 

In just this way, then, it too often happens that we ride our hobbies 
to death. Excessive care in the one instance and carelessness in the others 
have always been and always will be fatal to the ideal. And yet the ideal is 
what we are always striving for. Is any improvement announced in any 
branch of the profession, it is only regarded as a step more towards finality. 
We know that we shall never arrive there, but it is our constant aim to 
approximate as closely to it as is humanly possible. 

This brings us to the question of " What is, after all, the aim and object 
of our scheming ? " What is it that we are striving for, year in and year out ? 
Why are gigantic and small undertakings being embarked upon every day ? 
Why is the ideal always before us ? 

The questions are keen ones, and it behoves every engineer to face 
them and thresh them out. It is of no use shirking them or passing 
them off. Before we can understand our profession we must understand 
its root principles and frankly admit them, or the world will never know 
us as benefactors to our race, notwithstanding the immensity of our projects 
or accomplishments. 



CHAPTER II. 

THE GOVERNING FACTOR — ECONOMY. 

There is a vast deal of talk nowadays of the "higher aims" of the pro- 
fessions, of the " cult of the beautiful," and of " high art." Possibly they who 
are so glib this way know what they are talking about — it is, at all events, 
only charitable to suppose so. The pity of it is that they do not render them- 
selves more intelligible to the common herd, and really make clear what they 
mean. Certain it is that no two people ever agree as to what " high art " is ; 
their time seems chiefly taken up with arguing what it is not. 

As engineers we are constantly besought to bring our creations into line 
with something vaguely denominated "beauty." "Give us beautiful struc- 
tures " is the cry, and we are hysterically told that we are covering the land 
with uglinesses. Perhaps so ; indeed, it very often is so. But, after all, what 
is beauty ] What is it makes a thing beautiful in our eyes ? 

Is it not most often a conformability to that which we have often seen 
before, and that our eyes are accustomed to expect 1 An aesthetic discussion 
on " The World Beautiful " is beside the present mark, and it is not desired to 
debate all the various subtleties of the word. Leaving these alone, then, is not 
" beauty " a thing of education, a grasping of the constructor's ideas, and an 
outcome of centuries of human discernment and observation ] In a word, is it 
not entirely a matter of personal standpoint ? 

If that be so, is there not good reason for everyone's interpretation to 
differ; would it not be altogether exceptional if we all united in deeming 
the same things beautiful ; and would it not be a very tame world indeed 
if we did 1 

True, we have the " canons of art " to guide us all, and as sheet-anchors 
they must be of value, or so much use would not be made of them. But, 
indeed, they in their turn are still but the human estimate of beauty's laws, 
and are but the expressions of ages of individual opinions coalesced into the 
semblance of a whole. The " cult of the beautiful," considered impersonally, 
is more amusing than irritating, since its standard is entirely arbitrary and 
founded on precedent. 

To what has the cry led our profession ? To rosettes and stars and ogee 
sections, to elaborate piercings and geometrical patterns ! Tosuch a pass 
have we allowed ourselves to be dragged in the desire to conform to " public 

sentiment ! " 

6 



THE GOVERNING FACTOR — ECONOMY. 7 

Yet the cry for beauty is not altogether responsible for these outrages on 
good taste. It certainly prompted them, but would as quickly disown their 
parentage. The fault rather lies in the engineer who was content to pander 
to a taste that he failed to gauge, and to attempt a beauty of detail when he 
should have studied a beauty of form. Beauty is not a thing of patches, or 
holes, or curves only, but, according to our "canons," of breadth of effect 
and disposition of form. 

Suppose that in the beginning of all things Adam had a Whipple-Murphy 
truss bridge of three hundred feet Bpan in the Garden of Eden ; what would 
now be our ideas of beauty concerning railway bridges 1 And suppose that the 
terminus of the line that he daily used backwards and forwards from his 
sleeping to his working places was modelled on the lines of St. Pancras ; how 
many should we find condemning the latter to-day ? Is there not something 
in the plea that our sense of beauty does not alter' with our opportunities ? 

Let it be understood that this is not a plea for a new standard of beauty ; 
we have already too many of these. The " cult of the railway bridge " would 
be rather too far-fetched a notion for even the most enthusiastic engineer. 
But if there is any truth whatever in what has been said, is it not to be found 
in the thought that beauty, being altogether a thing of the imagination and 
the work of time, is not to be arbitrarily applied or withheld from anything 
until time has shaped a verdict? Certain stone bridges have been very 
generally described as " beautiful," and have been pointed to as embodiments 
of what bridges should be. Why ? — they are stone, and the world has worked 
with stone for untold ages ! Yes ; but it is the arrangement of the stone, we 
are told. Very well ; iron or steel is new — we do not know yet how to arrange 
it, in order to use it properly. It is a significant fact that the stone structures 
which are most generally admired are the best examples of the highest scientific 
skill, and those in which the economy of the materials has been brought to 
the highest pitch. 

Stone to the stone-lovers. When engineering skill knows how to take the 
fullest engineering advantage of mild steel, or any other metal, then will dawn 
the day of beauty for metal structures. Nature herself wastes nothing. Our 
standard of beauty is supposedly copied from nature. " High art " seeks to 
improve on nature. The engineer will succeed in finding nature's beauty just 
so far as he is successful in copying her example in economising his materials. 

The first lesson, then, for the engineer is " economy," even from the beauty 
standpoint. We are to seek to improve our applications of science, and to get 
right lines scientifically in our structures, by striving to get ever closer to 
nature's own examples. 

So much for the beautiful in our schemes. But, setting this aside for the 
present, let us ask, "Why did we ever begin engineering]" In the first 
instance, the science owed its birth probably to ambition or avarice, quickly 
giving place to the necessity of earning daily bread. When the first tree was 
designedly felled so that as it lay it should bridge a chasm or watercourse, 
utility was the power behind the axe ; when the first dam was built across a 
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stream so as to back up the waters, utility was the strength that fashioned it 
and when the first boat was rudely hollowed from the tree trunk, utility 
was the doggedness that scraped it. So it was in the beginning ; so it has 
been down the ages ; so it is to-day. Work is for a purpose — a set, hard, 
uncompromising purpose of utility, of the need for gaining a livelihood. No 
matter what the subject in hand may be, the engineer is not set to work 
except for a purpose, and that purpose the greatest possible utility which can 
be devised. 

To what does this lead us, then ? Is it not to the fact that utility also 
spells economy ? For, when the first tree was felled, unless the time spent in 
the felling was worth spending in view of the gain to be got when the felling 
was over, would the felling ever have been commenced? It is self-evident 
that the shorter the time occupied the greater the resultant comparative gain. 
A larger tree than was necessary for the purpose in hand would never be 
selected, nor would the one with the largest and most beautiful branches, 
unless these were also part of the utility scheme. The same with the dam 
and with the boat. The nearest materials to hand woidd be used for both, 
with a due regard to the economising of labour on each. 

It may be urged that the savage sought to take some of the crudity off 
his boat by carving and fashioniug as his tools allowed. Very likely so ; that 
is but human nature. But he would not do this until he had time he did not 
otherwise know how to employ. When the purpose was hot upon him for 
which he must have a boat, he did not dream of ornamentation, but had 
a single eye only to the most rapid accomplishment of his purpose. The 
ornamentation was born of more leisured moments. All honour to the spirit 
that prompted it and to the labour that shaped it ; but he did not devise his 
finery until he was conscious he could afford the cost. 

So many critics forget or ignore this. A gaunt, unsightly structure, seen 
against the skyline and situated amidst nature's beautiful rendering of her 
own art, provokes from them much wrath and indignation and many scathing 
phrases and denunciations. The structure is certainly out of all harmony 
with its surroundings ; it is admittedly a blot on the landscape, and it jars on 
the otherwise peaceful repose of the place. But the railway company who 
placed it there were not landscape gardeners, nor were their shareholders 
members of a society for preserving intact at all costs the virginal beauty of 
nature. The passengers who by their custom retain the bridge in this spot, 
will they quarrel with the means of taking them to their destination, or of 
showing them such lovely country 1 Would they wish to pay higher fares 
because they knew that by such sacrifices they had contributed to the erection 
of a bridge more in harmony with the place ? 

Human nature is essentially selfish. Let the critics offer to provide a 
suitable bridge themselves. The railway company will not object. It is only 
when matters touch home that it is realised that, however ugly man's work 
may be, in the vast majority of cases the reason is a very personal one. The 
earning of the bread of the multitude is not an abstractly beautiful affair. 
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Right down the ages, from their very birth, engineering and the engineer- 
ing instinct have been based on pure utility. The service of mankind has 
been their guiding star, and the promotion of his closest interests their great 
objective. Engineering is here meant in the broad sense ; everything 
constructive belongs to this category, and the sense of fashioning, for 
whatever purpose, is evidence of the engineering instinct. If man had never 
" wanted," then he would never have engineered ; and it is evident that the 
most successful engineering is that which gets at and satisfies the wants in 
the quickest and best ways. 

All this spells only one thing — economy. Economy of time and of labour. 
The most economical method of meeting any want must be the best method. 
The bare want properly supplied at the least possible expenditure is the 
highest art the engineer is capable of ; for it is but nature's own law that 
energy should be conserved. The strictest and most rigid regard to the laws 
of economy is the only way in which utility can be successfully interpreted. 

By this is not meant that the engineer's chief duty is to strive after 
unsightliness and ugliness. Far indeed from it. What is meant is that it is 
his chiefest duty to seek that disposition of his forces that nature herself, 
were she doing the work, would select. For nature teaches us that in the 
greatest economy lies the greatest real beauty. What is there on this earth 
that can be rightly termed " superfluous 1 " The " economy of nature " is a 
byword with all of us. 

At the same time nature has not scrupled to arrange her economy in the 
most attractive of forms where she could. Are there not " nature spots" 
in this world which, owing nothing to man, yet represent to him all that 
he holds " beautiful " ? Places there are without number where nature has 
seemed to set herself out to the most extravagant advantage ; where she has 
apparently neglected nothing in her scheme of perfection, and where the 
balance of the parts and the beauty of the detail leave nothing to be desired. 
On the other hand, are there not to be found localities where everything seems 
to unite in being as surlily forbidding as others are desirable ? — where every- 
thing visible appears to frown on man and to evidence to him his own 
insignificance? Yet none of these places either has or is without anything 
contributing to the greatest natural economy. We know enough of the laws 
of this life to convince us that every blade of grass has its place and every 
stone its objective. 

We do not, however, know enough to be able to fashion our own creations 
on this magnificently planned scale. We do but grope in the dark and strive 
to imitate as best we may. Our own knowledge and researches have only 
attained so high, and it is quite possible that we are continually and always 
running exactly counter to what would be the best. Who knows 1 We may 
but always do our best ; the rest we have got to leave. 

But let " high art " and the " cult of the beautiful " be dropped. They 
have no real place in nature, though they profess so insistently to be its very 
seed. Let us rather turn directly to nature and take her first most obvious 



10 CONSTRUCTIONAL STEELWORK. 

laws, "utility" and "economy," and apply them as rigidly as the light within 
directs us to the work we may have in hand. By unceasing dint of continued 
applications only can we hope to attain anywhere near to the standard so 
freely open to us all. Remembering always that as nature can be kind and 
gentle, fair and attractive, so can also some of our works with like economy 
be so ; and as she can also be the opposite, so must we in turn be at times. 

Economy to-day — by the mere force of circumstances — is spelt £ s. d. 
All time is money, and whether we like it or not we have to bow to the little 
fat god. Money is the arbiter of everything useful, of everything ornamental. 
It is safe to say that no project upon which our engineers engage would ever 
be embarked upon if it were not a question of making more money, or of 
retaining that which is already possessed. Utility necessitates economy, and 
economy, the " governing factor " in carrying out engineering works, is 
entirely regulated by and based upon a monetary standard. 

It is not perhaps a nice thing to say ; it all sounds very sordid, and the 
aesthetic amongst us revolt at the idea. But facts are facts, and the engineer 
must be essentially a man of facts. Who will instance any engineering 
scheme of to-day not dictated by the exigencies in some way or other of the 
yellow metal ? Occasionally a philanthropist may be found who will embark 
on a scheme ; but why ? For the benefit of others. What sort of benefit ? 
Monetary in the end ; even though it be a convalescent home it will but have 
as its purpose the object of curing so that fresh efforts may be put forth in 
the paramount direction. Brushing aside all sentiment, the one uncontro- 
vertible fact of modern-day life remains, that the first efforts of mankind 
must be after money. 

Wherefore, then, comes the first law of engineering — " The carrying out of 
every project in the truest economical manner." 

" Economy " is meant in the best nature-sense — The most economical method 
for the work in hand. 

All this may to some seem rather futile, and perhaps even unnecessary. 
That it should be so is freely admitted. But every engineer worth his salt 
has to admit that it is the principle most often lost sight of in everyday 
designing ; and not only that, but most frequently wilfully put behind and 
carefully kept from troubling. It is to many men a most irritating thing 
to feel that their abilities are hampered by the dictates of finance. They 
are naturally ambitious, craving to climb upwards and to show the world 
the extent of their attainments. They want every job to be a " monument " 
to their skill and knowledge; they want to justify their success^ We 
all fall victims to the feeling at one time or another, and wish to put on 
record tangible evidences of what we are capable of. But the feeling is 
essentially a false one, and one to be sternly combated. Its usual outcome is 
showiness and an attempt at the imposing, and these of themselves are quite 
sufficient to prove its falsity. It should be our highest aim to be true to our 
calling and always to engineer " economically the best for the work in hand." 
Personal feelings and ambitions have np right to sway our judgment one iota, 
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or to make us deviate in the slightest way from the " economically best " we 
are capable of. 

Obviously, the "economically best" for any work cannot be arrived at 
without a full consideration of all the circumstances of the particular case. 
No two jobs can ever be exactly economically alike, since it is rare indeed that 
any two sets of conditions will absolutely agree. Every separate case must be 
independently considered entirely on its own merits and treated accordingly. 
Take the case of a railway bridge in a new country ; say for Central Africa. 
Money is being ventured at enormous risks ; the one and sole object of the 
line is the strictest utility ; it is imperative that the costs be kept down to 
the lowest possible figure ; and that the prospective dividends be the highest 
that is possible. To what does such a requirement point 1 To the plainest 
of plain structures, with not an ounce of superfluous metal, so that cost may 
be at a minimum. To the rigorous pruning of all requirements not absolutely 
essential, and the most careful husbanding of all resources. The man who, 
faced by such requirements, spends one penny above the minimum is morally 
guilty of theft. He has to spend other people's money in order to gain a 
definite end for them ; whatever he spends more than he need to attain that 
end is just as much thieving as though it were put straight into his own 
pocket. Every stroke of the hammer, every turn of the drill, every rasp 
of the file that he causes to be put on that work in excess of actually 
needed requirements is just so much waste, and in just so much is he 
culpable. 

Take, on the other hand, the case of a public memorial — a monument 
perhaps to honour the dead. What is now the " economically best " ? Is it 
not the striving to set before humanity a tribute which, by its fitness and 
beauty, shall unceasingly remind them of the spirit of its inception? Is it 
not to be found in giving the best value for the money-limit allowable in 
time, material, workmanship, and brains ? In giving to posterity the utmost 
that the present is capable of, and seeking to elevate and uplift whilst 
perhaps material aid is also given % This project is on a different plane ; its 
prime object is to honour ; to set high above common things one which shall 
by its form or beauty compel attention, and so remind the onlooker of the 
debt posterity owes to a distinguished man. Equally must it be seen, how- 
ever, that no waste is here ; nothing superfluous must be allowed either in or 
out of sight, but the work put in the right place, and the whole made as 
perfect as our means and our limitations will allow. Only in that way will 
the completed work conform to " the most economical method for the work 
in hand." 

Between these two extremes ranges a whole multitude of other possibilities 
with other conditions. Each case must be separately analysed and treated 
entirely on its own merits. Above everything the personal factor must be 
kept out of our deliberations. Nothing is or can be so ruinous to true work 
as the ever-recurring wish to " stamp our individuality." It is the work we 
are doing, and are paid to do ; and a little less personality and a great deal 
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more honest, self-effacing effort would in the end repay us a thousandfold, even 
if the mere moral aspect of the question be left out of account. 

Many engineers sin this way wittingly ; many more, conscious, perhaps, 
that they have no individuality to stamp, or that the attempt would only end 
in disaster, violate the " economically best " unwittingly. As was said in the 
previous chapter, a mere knowledge of theory, or a mere knowledge of 
practice, is not sufficient to ensure the ideal. Most designers, perhaps, are 
more familiar with the former than the latter. Certainly it is so in the con- 
structional steelwork branch of our profession. 

Is it not, then, imperative that the designer, if he would do the ethically 
right, should study the mundane and commonplace as represented by the 
practical? If to money is due our projects, then the laws of money and 
money's value must be assimilated and understood. 



CHAPTER III. 

THE DUTY OF THE DESIGNER. 

The average estimate by the average designer — whether he be engineer, 
architect, or belong to any other profession — of his duty towards his 
principals is that he shall see that his design conforms to the convenience 
and general wishes of his client, and that he shall safeguard the tatter's 
interests from the rapacity of the contractors employed. Beyond this few 
professional men go. Work is not always so congenial in itself that they 
feel they need do more than satisfy their consciences in their undertakings. 
In fact, the man who really goes so far as to honestly carry out the above 
generally feels that he is immensely better than his fellows, and that he is 
continually robbing himself of perquisites which he might enjoy, if only his 
conscience were less exacting. 

' Yet this is, after all, a very low view to take of the obligations of the con- 
sultant. For the time being he becomes a trustee for others. He not only 
advises, but he generally also directs the expenditure of other people's 
monies. He stands to them in the place of themselves, and is trusted to do 
what they themselves would do with their own had they only the requisite 
knowledge. He is not exactly a man giving advice to other men sharing the 
same degree of knowledge. He is an expert, helping and advising, from the 
storehouse of his special experience, the ignorance of others. In the very 
nature of things he must be trusted, and often most implicitly. 

It is when thinking of these trusts that he most often calls himself a type 
of rectitude and honour. He has never yet neglected his client's interests to 
the structural detriment of the work in hand ; he has never condoned or 
passed over bad work, or accepted presents from a contractor, but has always 
rigidly kept himself aloof from such contaminations. Yet, from the point of 
view of the last chapter, his morality may in reality be of a very low order ! 
So far as the work that can be seen goes, no man may question his integrity, 
for no one besides himself knows his instructions, and there is nothing venal 
in the execution of the work to cavil at. But the test point of it all is far 
removed from the standard he has Bet up. Until now he has but followed 
professional etiquette and pride, even as the ordinary individual follows and 
obeys the common laws of the land ; and just as it is possible to obey the 

13 
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letter of the law and yet violate its teachings, so has he ignored the spirit of 
his calling whilst conforming to its precepts. 

The duty of the designer goes very much further than the observance 
of common morality in his profession. Unless he conscientiously uses his 
knowledge to the best of his ability, to the same ends which his client would 
were he capable, he is falling short of his obvious duties. It is a common 
saying with a professional man that he spends his client's money as though it 
were his own. Does he 1 Yes, so far as seeing that good work is put in the 
various erections and that money is only paid for work done. But that is 
not the end of the matter. In order to spend the money as though it 
were one's own, or, rather, in order to spend it as the client himself would, 
which is the truer standard, it is necessary to get right down to the 
motives dictating the spending of the money, and to act with them always 
in view. 

If work is to be done to gratify an ambition, a taste, or a love of display, 
then, bearing this in mind, the object may be met in the same spirit, and 
ideas only curbed by the knowledge of the maximum allowable money-limit. 
If, to take another case, accommodation of a certain character and size at a 
certain price be desired, then the duty will be to get the utmost value for 
every penny spent. Whilst to take the case of a commercial undertaking 
which has to pay dividends, the duty alters at once to that of devising the 
necessary features at the minimum cost. This latter case covers the greater 
part of the available work of the world. There is comparatively little money 
for the first two — it is the last which oils the wheels of mankind and provides 
livelihoods for us all. 

It is essential that this truth be grasped. Buyers get keener year by 
year, and competition ever gets more strenuous. Money must earn money, or 
the increasing wants of the world will never be met. It is the professional 
class which has been the slowest to understand this, and to recognise that the 
days of dignified commerce are over. With the advent of international trade 
rivalry has come the deathblow to unquestioned national supremacy, and the 
hustle and bustle of modern-day trading has little in common with the 
methods of fifty years ago. There is small need to dilate on this aspect of the 
question. It is now generally accepted that, as a nation, we must alter many of 
our ways if we are to live. It is high time that the professional man also took 
this to heart. 

In order to get the best and largest returns for capital, the sum invested 
must be absolutely the lowest possible for the scheme in hand. Every pound, 
every penny beyond the irreducible minimum that is being employed is only 
so much dead-weight, so much handicap to the expected success. Even as the 
obvious end of every commercial undertaking is dividends, so is it patent that 
the less the capital the higher the dividends to be distributed will be. No 
illustration is needed to prove this — every child knows so much. Yet it 
puzzles the wisest men to determine what the irreducible minimum actually 
is or will be for any given ca 12 ; — what is the least which may be spent upon 
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land, plant, buildings, equipment, and what is the least sum that dare be 
adventured for working capital. 

Of course it does not always follow in a commercial undertaking that the 
cheapest known work is the right work to adopt. Far from it. Some under- 
takings never would prosper unless it was apparent that money had been 
lavished upon them with a free hand, perhaps with even a total disregard of 
economy. They depend for their very success on obvious luxuries of design and 
execution, and without them they would not even excite notice. All this is very 
true ; but in their case the money is invested or expended with a set object, and 
its proper and proportionate outlay will result in the desired direction. What 
has to be done in these instances is to see that outlay is made on the effective 
points ; that these are brought out and built up in the most striking manner, and 
that their characteristics are not in any way sacrificed because of unnecessary 
expenditure in other directions. Everything depends on the nature of the 
undertaking and what its necessary features are. It would be of small use 
erecting a large hotel in a prominent position and whitewashing its interior 
throughout ; that would but serve to defeat the object for which the place 
was built. The hotel will be popular and make money just as its features 
appeal to the eye ; and this must be the first precept in such a case. So that 
the utmost advantage may be made of the fact, economy must be rigidly 
observed in that which is not seen ; and whilst all the demands of science must 
be met, they must not be exceeded. 

In the same way, if a beautiful appearance is not of prime importance, if, 
say, the project is that of a huge goods warehouse, what useful object would 
there be served by anything but whitewash on the walls 1 Of what use would 
be fine plaster decoration and ornamental panelling ? Not that there would 
be found men so lacking in common sense as to propose these decorations, but 
for " plaster " substitute the best-faced bricks, and for " ornamental panelling " 
oak timbering, and then say how many architects could resist the temptation. 
On such a scheme there should not be spent one penny more than the minimum 
necessary to secure the requisite strength and the desired space. It is a com- 
mercial undertaking, and knows no laws except those of dividends on outlay. 

Broadly, then, the duty of the designer lies in understanding and applying 
scientifically monetary knowledge. It is not sufficient that he should be 
artistic — he must be pre-eminently so, to successfully manage some work ; it is 
not sufficient that he be scientific — he must be this for all work ; but he must 
combine with his artistic and scientific senses a thorough understanding of the 
laws of supply and demand, and must ruthlessly apply it to his every 
undertaking. 

As with the general practitioner, so must it be with the steelwork 
specialist. He may have every formula ever written at his finger-ends, he 
may be a mathematician of the first water, he may be a genius in theoretical 
knowledge ; yet, if he lacks the one thing, his designs will never be of the first 
order, and the thoroughly practical man who can never remember a formula 
will easily surpass him in the worth of his achievements. 
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There is, however, a difference between the design of steelwork and that 
of ordinary undertakings. Steelwork, unlike many other materials, is seldom 
capable of much artistic treatment. Exceptions there are to every rule ; but, 
generally speaking, steelwork, as previously noticed, is strictly utilitarian in 
oharacter. It is engineering and not architecture, and should always be treated 
as such. The chief duty of the engineer will invariably be to produce his designs 
at the lowest possible cost, and for this purpose he must be prepared to consult 
details of manufacture to a very large extent. The economy at which he has 
to aim will not consist in using up the smallest possible weight of materials, 
but will be measured by the comparative total cost of his work. A given 
design weighing 100 tons may cost much less than another of 90 tons' weight, 
and yet both shall be capable of the desired work. It is possible to go further 
and say that the same design as turned out by one man shall, when over- 
hauled by another, vary a considerable percentage in cost. It is not 
knowledge of theory that altogether rules the economical design ; neither is it 
practical knowledge, but the judicious combination of the two. 

It is a very general idea that the broad choice of design is the chief factor 
in costs. One man will contend that for a given situation a Linville girder 
is preferable; another will argue that a common lattice would be better. 
There will be right on both sides. It is possible to make the Linville cost 
double what the lattice would, and vice versd. The Linville may be 
designed with all the refinements known to science, and may have the last 
ounce of metal cut out of it ; it will most probably be for this reason that it is 
the most expensive girder. 

By this is not meant that the principles of design are untrustworthy. 
Far from it. It is merely their application that is at fault. There are 
certain well-understood principles which point to the choice of, say, a sus- 
pension bridge for a certain spot in preference to one of a rigid type. But 
it all depends on the designer whether the suspension type is, after all, the 
cheaper. Without wasting an ounce of material he may turn out a bridge which 
is far more costly than the rigid type would be if designed by another man. 

Too little attention has in the past been given to these points. Men 
have been content to accept the dicta of others without troubling to 
investigate them for themselves. Office life and office duties have shut up 
the engineer in a world of his own, and he has pursued his way without 
hearing much of the other world with which he only occasionally has come in 
contact. Methods of manufacture have radically changed within even the 
last ten years, and the man who to-day bases his designs on his know- 
ledge of workshop conditions of a decade ago is woefully out of the race. 
In order to produce the best design for any purpose, the methods by which it 
is to be made must be known and understood. Both men and machines have 
their limitations, and it is the plain duty of the engineer, the architect, or 
the designer of any work to bring to his work, not only professional skill and 
resource, but the wisdom of the money-bags and a personal knowledge of 
everyday workable conditions. 



CHAPTEK IV. 

TESTS AND ANALYSES. 

With the actual manufacture of steel, *.«., the production of the material 
itself, the designer and manufacturer have nothing to do. The process em- 
ployed is solely the concern of the mills, and criticisms and strictures on 
methods of production are out of place in any but works on metallurgy. 
The engineer is concerned mainly with the price he can buy at and the 
quality of the material bought. Some years ago the question of the process 
to be used was a very bitter one, and without doubt certain makes or 
brands of mild steel were superior to others. It thus became the fashion for 
engineers to specify the material by the trade term applied in its manu- 
facture, and unfortunately the custom has not yet quite died out. 

At the time when process counted for much, the metal was very 
young in the market, and neither its properties nor characteristics were 
understood. The time which has since lapsed has given us very valuable 
experience and data on which to work, and recognised tests have been 
developed which leave very little loophole for doubts on the score of quality. 
At the present time it may safely be said that, so long as certain mechanical 
tests are complied with, material of any make or process may be unhesitatingly 
accepted. There is really nothing at all to choose between the various 
British brands in the market except the name. 

Practically speaking, the British mild-steel industry has adopted three 
separate methods of production. They are known by various terms in 
different parts of the country, but may be summarised as being (1) the 
basic ; (2) the Siemens open hearth ; and (3) the Siemens-Martin open 
hearth acid processes. For a long time the third process was preferred by 
engineers, as its product was the most reliable ; but there is not now nearly 
so much of it made, as severe competition has compelled the use of cheaper 
ores, and further investigations have perfected methods of using them. The 
two first-named processes practically monopolise the British trade, with 
perhaps a percentage in favour of the second, which, through recent dis- 
coveries, has not yet taken unto itself a definite name ; in some parts it is 
known as the " open hearth basic." Through the acid process being dependent 
on foreign expensive ores it is dying a natural death, and in the near future 
will probably be seldom adopted, except for special purposes. 

17 2 
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These different processes have been named solely with a view to 
emphasising the fact that their several products are practically undistinguish- 
able. It would be interesting to discuss them in detail and to go into their 
differences of manufacture, but no good would be done to the present 
purpose, and for such information the reader is referred to the various 
treatises published upon them. That which concerns the constructive 
engineer is that he shall have to his hand material fulfilling certain standards 
of excellence and reliability ; and so long as he can procure this in the market, 
it matters nothing to him whether the ores from which it is made are of low 
or high grade, or .even whether an ore is used at all. This is solely the 
business of the metallurgist. Of necessity, the tests to be imposed must be 
such as have been proved by usage, and such as will unfailingly demonstrate 
the points they have been designed to cover. So long as this is ensured and 
the well-understood mild steel of to-day is to be employed, it is puerile to 
impose limits or conditions on manufacture. 

Now comes the consideration, What tests should be taken as a 
standard? Are they to be purely mechanical, purely chemical, or a 
mixture of both? 

In order to properly appreciate arguments on such a question, it should 
be premised that whatever results are arrived at they must be in accordance 
with recognised commercial possibilities. It may frankly be admitted that 
almost any degree of strength and ductility can be achieved by variations of 
manufacture and juggling of quantities. The steelmaker can from the same 
hearth produce metals varying astonishingly in their properties, and is able 
for a price to satisfy any requirement within the bounds of reason. This 
being granted, it does not need much perspicuity to see that since the 
engineer must have to his hand a uniform product before everything else — 
one which he can rely on not to fail under a certain figure, and to behave 
consistently at all times — the steelmaker must make dispositions so as 
to ensure the necessary uniformity, and to eliminate all chances of a variation 
of product. It will be also evident, that whilst any requirement may be met 
as stated, yet that the costs of the samples made will not be alike, and that 
there will be a cheapest and a dearest product, with a whole range of costs 
in between, according to the scarcities of the ores and the care to be observed 
in handling them. On the other hand, there will be a cheapest and a dearest 
steel evolved, considered in the light of their mechanical attainments or 
physical properties. A steel failing at a unit stress of 30 tons and 
costing £6 per ton must be compared with a steel failing at 40 tons and 
costing perhaps £9 per ton ; and all the various other properties must be 
considered in the same way. The ultimate decision rests with the engineer 
who has to use the material, and naturally he chooses that grade which fulfils 
his ideals best and gives him the cheapest steel for its properties. The grade 
chosen, the steelmaker can then lay himself out to produce it in unlimited 
quantities to maintain the level selected. 

This is, briefly, what has taken place in the past ten to fifteen years. A 
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couple of decades ago wrought-iron was the material in common use, and its pro- 
duction had reached such a pitch that it could be relied upon to consistently 
show certain results. Then came the gradual innovation of mild steel, and 
makers and users were again groping in the dark; for a long time it was 
freely prophesied that the new metal would not last, and that wrought-iron 
would still remain the best and most economical material. Persistence and 
increasing knowledge triumphed, however, at last, until now the domain of 
wrought-iron is practically confined to matters outside structural require- 
ments. When makers were able to show a metal nearly 50 per cent, 
stronger than iron, produced at practically the same price, engineers were 
bound to employ it so soon as it fulfilled their notions of reliability. This was 
not long in forthcoming, and so gradually the present accepted tests and 
properties were evolved. 

That we have now a perfect steel it would be folly to say. It also seems 
folly to expect that one may be forthcoming. If it were possible to get a 
mild ductile steel which would stand 100 tons to the square inch, the engineer 
would immediately long for one to carry 200 tons ! All that we can say at 
present is that within its limits we have a very satisfactory article. Unlike 
the making of wrought-iron, which was largely, if not entirely, empirical, mild 
steel owes what it is to the chemist. Minute fractions of certain ingredients 
are quite sufficient to make all the difference between success and failure, and 
current practice is based upon the results of countless analyses and mechanical 
tests. We have arrived at this point : it is possible to commercially produce 
a steel with a very high breaking stress, say 40 to 50 tons and higher ; but 
when we pass a certain limit we gradually lose some very desirable properties. 
It is not sufficient for our purposes that we should have a strong steel ; we 
must also get a ductile steel — one that is not " short," is not subject to sudden 
failure, will maintain its strength under a moderate degree of heat, is perfectly 
homogeneous, and is free from mechanical defects of manufacture. Our 
chemistry and practice have not yet got so far as to combine all the virtues 
beyond a set limit, at least in the commercial sense. 

It has been proved over and over again that certain proportions and 
ingredients produce certain properties of the product, and will always 
evidence certain mechanical tests. What these proportions and ingredients 
are depends on the district where the particular rolling mills are situated. 
It is not essential that every rolling mill in the kingdom should work to 
exactly the same recipe. Each place has experimented upon and devised its 
own " mixture " from the raw materials handiest or cheapest to itself. Only 
in this way would competition be possible. The aim in every case has been 
to adopt those proportions which would be unfailingly productive of the 
desired standard of physical tests ; for, after all, the mere chemical combina- 
tion matters nothing to anyone — it is the standard of excellence of the 
material which is prized and not what it is made from. 

However, whilst there are many makers to-day, and many processes, the 
resulting products are very much in line with one another. And as they are 
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alike physically, so they agree very closely in the proportionate quantities of 
their chemical constituents. Matters are now so far standardised that it is 
matter of common knowledge that more than a certain percentage of carbon, 
phosphorus, silicon, and other substances acts disadvantageously on the steel. 
Excess of carbon has the reputation of increasing the tensional strength and 
hardness; phosphorus results in a "short" steel, which works well but is 
liable to sudden failure; silicon induces hardness, and is also somewhat 
similar to the action of phosphorus; manganese increases elasticity and 
tensional strength, but reduces ductility; sulphur produces rottenness at a 
red heat and renders steel unsuitable for forging; and so we might go on 
enumerating the known effects resulting from an abnormal quantity of any 
one ingredient. 

It is therefore necessary that the steelmaker should know the chemical 
analyses of his ores and raw materials, and he must so work his process and so 
devise his ingredients that the mixture shall have no such excesses. This is 
his business and his alone, and the designer has no need to concern himself 
therewith. Let the latter understand as much of the business as he can, if 
he will, but it is out of his province to dictate to the steelmaker either how 
the steel shall be made, or what it shall be made from. To narrow in any 
way the methods used would be to put a premium on certain districts and 
concerns where favourable raw material could be cheaply obtained, and to 
handicap out of the race others whose only chance lay in utilising materials 
unfavourable to the process selected. All this would of course mean the 
narrowing of supplies, the creation of monopolies, and the imposition of huge 
prices. A marketable material can only be obtained by the widest and 
freest competition in which none of the competitors are handicapped by 
anything save their own deficiencies. 

At the present time there are three accepted standards of ultimate stress 
for British steels. They are as follows : — that the material shall have an 
ultimate tensile strength per square inch of original section of (1) 26 to 30 
tons; (2) 27 to 31 tons; (3) 28 to 32 tons. The tendency seems to be 
towards the general adoption of the third case, and perhaps the majority of 
specifications are drafted upon it ; all mills are prepared to work to these 
figures, and there seems no valid reason why the smaller values should be 
used. Perhaps the first case — 26 to 30 tons — gives a better welding steel 
than the others, but there is not much in it, and most engineers set their 
faces against welding mild steel wherever it can be avoided. At all events, 
so far as can be judged, the third case is the most popular, and engineers 
will be well advised in specifying these figures. 

Of course, whilst the ultimate strength varies the other properties looked 
for vary also to a certain extent, and it has become customary to test the 
steel for these by setting a standard of elongation and of contraction of area 
at the point of fracture. Experience has shown that, if any metal conforms 
satisfactorily to these three tests, it may be unhesitatingly accepted as being 
fit and proper for structural requirements. Strictly speaking, each of the 
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three cases of ultimate strength should be accompanied by its own corre- 
sponding standard of elongation and contraction ; but it is somewhat curious 
to note that whilst some engineers do this, yet the great majority specify the 
same elongation and contraction limits, whatever their ultimate figures may 
be ! This is, of course, only another argument for the adoption of the third 
case, since if the higher limits may be reached with the same modifying 
factors, it seems waste to take anything less. 

Custom has decreed that a standard of elongation of 20 per cent, in a 
measured length of 8 in., and a contraction of area of 40 per cent, at point of 
fracture, are desirable evidences of the right quality for bridge work and all 
structural erections. These figures are varied a little in different specifications, 
but not to any serious extent, and since they directly evidence everything 
which is required, and are readily accepted by the steelmaker without quib- 
bling, they may be taken as a suitable standard. Occasionally engineers have 
attempted to specify more onerous figures, cases of a contraction of area of 45 
and even 50 per cent, having been demanded ; but the mills have refused to 
be bound by such figures except at higher prices, and when busy have declined 
to entertain them at all. If a uniform product is to be kept up, it is obvious 
that there must be no departures therefrom for any reason. 

Other physical tests which are often demanded are those of bending. 
Strips are to be cut from plates and to stand bending double on themselves 
when cold. Or, when heated to a cherry red and cooled in water at 82° Fahr., 
they must stand bending to a curve with an inner radius of from one and a 
half to three times their thickness. These are designed to confirm the ductile 
qualities of the metal, and are certainly of value in that they afford very con- 
vincing evidence. If the elongation and contraction of the test-pieces are 
satisfactory, there is seldom need to further impose more than a few bending 
tests. It should always be remembered that testing cannot be conducted 
without money, and sufficient is as good as a feast. 

It will, perhaps, be as well to mention here the methods of testing in 
common use. The question first arising is, "Where shall the tests be 
conducted!" There are three ways open to the engineer. He may have 
his tests carried out — 

(1) At a recognised public testing-house. 

(2) At the rolling mills in his presence or that of his assistant. 

(3) At the rolling mills without his supervision. 

The choice of which way should depend largely on the magnitude of the 
work and the size of the order. Since all testing costs money, it should be 
known that the cost is in the order given above, the least costly way of all 
being simply to accept the certificates of tests made by the mill's testing 
staff. In order to check their product all mills have a testing-house equipped 
with suitable apparatus, which is periodically examined and certified by the 
Board of Trade. This is used to test bars rolled from every cast, and proper 
records are kept for filing and reference. Before the steel can be rolled into 
structural sections, it is tapped from the hearth in which it is made into 
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ladles, and then cast into moulds to form ingots of from 2 to 4 tons weight 
generally. When sufficiently set, the ingots are taken from the moulds and 
carried to the "cementing" furnaces — where they lie under the action of 
heat until their interiors are sufficiently set, and they are practically of a 
rolling heat throughout — and from here they are taken to the rolls, and come 
out in the various desired shapes. Each separate cast is liable, therefore, to 
differ from the others, and to check this it is the practice to stamp all 
material as it leaves the rolls with a mark or number to denote which cast 
or heat it belongs to ; as all material from the same cast must be of the same 
composition, only a few samples from each cast need testing. 

For their own convenience and advantage, then, the mills keep records of 
tests from each cast, and willingly furnish certificates of these to purchasers ; 
so that it is evident that to take such certificates is both the simplest and 
cheapest way for the purcliaser. For their own reputation's sake there is 
every inducement for the mills to conduct everything fairly. It is not often 
that any one purcliaser (except for large orders) takes the whole of the 
sectional material from any one cast ; and with steelwork going to all the ends 
of the earth it would be folly to do anything not bona-fide on their part. 
Besides which they cannot afford to vary their product. To be commercially 
produced it must be of unvarying quality, and to ensure this expensive 
testing staffs are maintained. For all small or moderate orders the buyer 
is advised to be satisfied with the mills' certificates, which should always 
be asked for. 

When orders are larger and more important, and it is likely that the 
purchaser will get the whole of several successive casts, it will be a safeguard 
to send a representative to the mills, whose duty will be to see the tests for 
each cast of his employer's materials duly canned out, and so be able to vouch 
for their accuracy. Every facility will be given for this by the makers, and 
such a course will remove all doubts which may be felt as to the wisdom of 
letting the maker check his own product. It is perhaps necessary to remark 
that any man selected for this should be thoroughly conversant with his 
duties, and of unimpeachable honesty. It is of little or no use to send a 
junior clerk or draughtsman. 

For large and important undertakings it is wisest to combine all the 
methods. A representative should attend the mills, preferably see the rolling, 
select his own samples, stamp them with his private mark, and personally 
superintend their testing. Every precaution should be taken to obviate all 
errors or chances of fraud. When thousands of tons of material have to be 
rolled to one order, there might be an incentive to tamper with it, as it would 
then become worth while. In saying this, it is not desired to cast any re- 
flection on the honesty of any one of our rolling mills. It is well known that 
the managements would not lend themselves to such practices; but even 
they cannot guarantee the honesty of too zealous or careless servants ; and 
when the buyer has, through custom, the facility of thus watching over his 
purchases, he should by all means take advantage of it. As a further pre- 
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caution, a few samples should be taken from the bulk, and test-strips prepared 
and forwarded to a public testing-house for an independent report, on 
independent machines, by independent experts. Should these agree with the 
inspector's reports and test-sheets, the engineer may rest content that he has 
taken every possible precaution in the interests of his client. 

Test-strips are usually made from cuttings and shearings of the finished 
material. An occasional angle can be rolled a trifle longer than necessary, 
and a strip cut from the excess length. A plate can have a trifle cut from 
its shearings for the same purpose. The only things to watch are that at 
least two or three strips are taken from each cast, and that the strips are 
thoroughly representative of the bulk. Many engineers regard a couple of 
strips from each 10 tons weight of material as being a satisfactory arrange- 
ment. When the strip has been cut it must be shaped and prepared for 
testing, and the manner of doing this is a little varied in different places. 
The size and capacity of the testing machine is bound to regulate the 
sectional area of the strip. As a typical example, however, of what the 
inspector has to deal with the following sketch will suffice : — 
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The special point of interest is the part lying between the two dots or 
centre punches. The width of this will vary according to the thickness of the 
piece, but for modern machines it is usually 1£ in. to 1£ in. wide. On being 
placed in the machine the wide ends are gripped by wedge-shaped arrange- 
ments, and a tensional load which can be read from a gauge applied. The 
load is gradually applied, and gradually increased — preferably by hydraulic 
means. The gauge is carefully read, and the reading noted when failure 
occurs. A previous measurement of the piece having been made, the original 
section is known, and this with the reading is then reduced to tons per square 
inch. Careful measurements at the fracture will give the contraction x>f area 
exhibited, and the extension or elongation is measured off between the dots or 
centre punches. The whole operation is perfectly simple and calls for nothing 
more than care and exactitude in measurements. If bending tests are to be 
carried out, these will be done in a hydraulic press or with a blacksmith's 
hammer in the ordinary way. 

It will now be a little more apparent why specified tests should be 
standardised and the exhibition of personal predilection suppressed. It is 
not possible to upset all the elaborate existing machinery for turning out 
standardised material without largely augmenting costs, and no surprise 
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need be felt when the steelmaker declines to accept variations. Give him an 
order large enough, and it may then be worth his while to roll special grades ; 
but for ordinary qualities, such as 99 per cent, of the work of the world 
demands, he cannot, in justice either to himself or his other customers, 
tolerate interference. The machinery of production cannot be upset without 
running very serious risks to its staple product. 

The fact that the steelmaker has to be very careful with his analyses of 
materials used, in order to sustain the level of his output, and that, as 
previously noticed, the presence of even minute excesses of certain elements 
robs the material of its desired characteristics, has led certain engineers to 
fancy that they will further safeguard themselves if they specify a quantitative 
analysis of materials to their order in addition to the mechanical tests. Now 
practical reasons against such a course have already been dealt with — if 
competition is narrowed, prices must go up. There is, however, another side 
to the question. If the steelmaker maintains a chemical staff in order that 
he may turn out material equal to certain physical tests, and he freely 
submits to those tests, it does not seem fair or reasonable for the buyer to say 
that the material shall be of a definite composition within certain limits. The 
only fair position for the buyer to take up is either that his goods shall 
evidence their quality by direct tests, or that they shall be proved to be of 
such a composition as he knows is equivalent to those tests. From such 
proposals the maker cannot shrink, but it is obviously unreasonable to expect 
him to submit to both concurrently. In fact few, if any, makers will agree 
to such restrictions. Most mills will guarantee that their product shall 
not contain more than certain maximum percentages of foreign elements, but 
unless they are all to follow precisely the same methods and use exactly the 
same ores it is impossible to guarantee exactly the same analyses. This 
ground need not be again covered, but it will be recognised that much 
subsequent trouble and worry will be saved by the engineer asking only for 
reasonable proofs. 

It is almost impossible to state the actual allowable limits of foreign 
elements in mild steel. Excess of one is frequently counterbalanced by the 
presence of another, and so an ideal analysis cannot be stated. It is the 
unbalanced excess of any one element which ruins the metal, and it is this 
that has to be avoided, and also renders possible the use of very widely 
varying ones. As a guide, however, and in order to give an idea of the 
minuteness of the percentages which mean all the difference between failure 
and success, it may be stated that modern metallurgical practice sanctions 
the uses in differing steels of the following amongst other ingredients, and to 
the extent named : — 

Carbon. Manganese. Silica. Sulphur. Phosphorus. 

•02 to -06 -40 to -90 -00 to -05 -00 to -04 -02 to -10 

Needless to say these elements could not all be present at the same time 
in the quantities named. They are merely stated as a guide, and from what 
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has been said it will be gathered that carbon and manganese are always 
present, and to an extent both necessary and desirable, and that the remaining 
three are more or less rank impurities which must in all cases be kept down 
as low as is practicable with the other ingredients present and to conform to 
the physical tests demanded. 

Before leaving the subject of testing, mention must be made of another 
practice which can only be characterised as bad — that of specifying that 
additional tests may be taken of material when it is delivered into the 
manufacturer's yard and is in process of being built in the desired form. The 
objections to this course are as follows : — Every bridge or other structure 
requires just so much material of just so many sizes and lengths. The builder 
orders from the mills only what is necessary, and receives just what he orders. 
Now, if tests could be taken without cutting up material they might be taken 
every day during the work on the job if it so pleased the inspector — the 
only drawback being the hindrance such a course would be. But when some 
part or other must be destroyed in order to yield the evidence required, the 
work has to stand until fresh material can be obtained. This is mischievous 
in the extreme. Mills cannot roll any section at a moment's notice. 
According to their order-book they have to put in rolls as they are justified, 
and every mill has a " rolling programme " drawn out for at least a week in 
advance. Small orders have to wait until others come in which will warrant 
those particular sizes being produced. Unless, therefore, the size wanted is 
down for immediate rolling, it may be weeks before such a small quantity 
can be obtained, and meantime the job must stand ! It is no safeguard to 
order more material than is required, since such sections would immediately 
become " special " and would defeat the whole object of this " after-testing." 
When material has once been allowed to leave the custody of the mills, there 
should never be any further question raised about it ; the quality should have 
been actually and finally settled, and the jurisdiction of the inspector should 
be confined to surface and mechanical defects of rolling, etc. All steel 
material should be carefully examined for flaws, defects of rolling, blisters, 
laminations, and holding full to section. The inspector should gauge all 
thicknesses, and generally assure himself that the mechanical portion of the 
rolling has been well and properly carried out. 

Although now very largely superseded, yet cast-iron still has a place in 
structural requirements. It has been fighting a losing battle for many years, 
and by common consent has at length been ousted from all forms involving 
the meeting of tensile stresses. Many engineers regret the gradual narrowing 
of its sphere, and profess to believe that it is not altogether for the best ; but 
when its unreliability in such an important point has been so plainly demon- 
strated, the average man will not be disposed to re-echo their sentiments. Un- 
doubtedly cast-iron has died before its time — before the ethics of stress and strain 
were intelligently understood ; and it is not at all unlikely that the future may 
again see its revival to some extent, but for the present it is distinctly out 
of favour. Even so, we cannot yet do wholly without it, and so long as it is 
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kept in compression it compares most favourably with any other metal. It is 
again useful when the forms wanted are not such as to lend themselves to 
being fashioned from steel sections or plates, and when great rigidity and 
unyielding strength are required. For columns, bases, brackets, machinery, 
and all forms of ornamental work or overlay it is still unrivalled, and the 
constructional engineer often has need of its services. 

When used constructively it is necessary that it should have a definite 
measure of strength so that it may be intelligently applied, and, as with mild 
steel, it is the custom to specify that it shall be equal to certain tests. There 
is, perliaps, however, even less uniformity as to what are reasonable impositions 
for it than there is for steel, and it is a little surprising how radically different 
specifications differ in this respect. One of our largest railway companies, 
is, for example, content to ask that a 2-in. by 1-in. bar placed edgeways 
upon bearings 3 ft. apart shall sustain a central concentrated load of 
25 cwts., with a minimum deflection of f-in. Government specifications 
call for loads of 28 and 30 cwts., whilst private engineers have expected 
32, 34, and 36 cwts. even for the same sized bar and loading ! 

A bar 3 ft. 6 in. long, 2 in. by 1 in., has come to be recognised as 
the standard test-bar, though some few people prefer one 4 ft. 6 in. long, 
1 in. by 1 in., and this they usually specify shall carry 5 cwts. as a central 
load on bearings 4 ft. apart. The 2-in. by 1-in. bar is by a long way 
the favourite, and it certainly seems desirable that the load it should be 
called upon to carry should be more .definitely ascertained. The foundry 
will always vote for 25 cwts., and it will be very seldom that fault* would be 
found with this test. As in steelwork though, it is a question which is 
the cheaper — a low test and more iron, or a high test and less iron. 

The strength of cast-iron varies according to its mixture. Castings are 
never made solely from one kind or brand of pigs, but two, three, or more 
different sorts are melted down together. Single brands are weak and 
unhomogeneous, and good results can only be obtained by the blend of 
opposing characteristics. Now, there are some hundreds of smelting 
furnaces in Great Britain, each producing a slightly different product, and 
by no means at the same price. Since railway carriage rates play a most 
important part in determining the delivered rates of these pigs, it is naturally 
the aim of every foundry to utilise, as far as possible, for its work those pigs 
which can be obtained from the nearest furnaces — only in this way can it 
hope to compete with other foundries. Consequently, all places get in the 
habit of working with certain pigs, and bring their castings from these 
particular combinations to a high state of perfection. Experiments have 
convinced them that such and such proportions may be relied upon for given 
results, and it may be that out of the two or three hundred brands actually 
available they may not use more than five or six to cover their whole range of 
work. If their cupola tenters and moulders had to use one or two fresh pigs 
their work would be thrown out of joint for a time, and everyone would feel that 
they were to an extent working in the dark and with unknown quantities. 
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It thus comes about that few if any foundries use precisely the same 
mixtures of metals, and it is impossible, for this reason, to specify that given 
proportions and brands shall be employed for any work, even though the 
engineer may be aware that they would answer his purposes admirably. 
Should he so specify, he must pay dearly for his castings, as he will consider- 
ably narrow the circle of competing firms. Foundries in the Midlands use 
altogether different irons to those in the North or Scotland, and they 
naturally fight shy of playing with anything they do not thoroughly under- 
stand. For the same reasons analyses should not be mentioned. So long as 
the requisite strength is given, trouble in analysing is both wasteful and 
productive of no further satisfaction. 

This being the case, it is evident that the best thing to do is to settle on 
such strength requirements as can be most economically and generally met, 
using the 2-in. by 1-in. bar on supports 3 ft. apart as a standard. 

The 25-cwt. limit allows the use of fairly low grade ores, and is in that 
sense cheap, but it has the disadvantage of being rather lower than the 
standard in general use for machine and miscellaneous work. Since foundries 
do not now make cast-iron girders of any magnitude, and their work has gone 
back to smaller goods, the standard of the metal commonly employed has 
slightly risen, and it will obviously be an advantage to make use of this. 
Higher tests can be readily obtained without any perceptible increase of cost, 
and the engineer might as well make use of them. 

When 30 cwts. has been exceeded many foundries will be out of the running, 
as they could not come up to test without getting specially strong irons. 
Those places who make a practice of using the latter are not generally the 
firms who cut prices at all, since their work is of a good character and 
they pay well for their metals. Thirty-two cwts. is a good test, 34 is a 
difficult one, whilst 36 is very unusual, and all three will mean the employ- 
ment of costly pigs and a consequent enhancement of price which will not be 
in proportion to the extra strength gained. 

Looking at the matter all round, 28 cwts. seems a very suitable figure. It 
is not too high for all good-class foundries to fulfil easily, whilst it is not so 
low as to be wasteful. No difficulty will ever be found in obtaining proper 
results, and prices will be in the fair average plane. A deflection of 
f-in. with this load will be readily obtained, whilst T V m - may be 
occasionally reached, and such results will be very fitting for all average 
requirements. In cases where higher values must be given, they will have 
to be paid for, and the engineer will not be under any delusion as to the 
reasons for it. 

In testing bars, they are usually placed in a machine designed so that 
the load may be a dead-weight one. Loads brought on by means of a system 
of levers arc not favoured for pretty clear reasons, and the apparatus in 
general use is very simple, consisting of a couple of strong uprights, spaced 
exactly 3 ft. apart, with provision for carrying the test-bar, and tied together 
with a top cross rail, from which the load is hung. By means of a hand-wheel 
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the load can be lifted clear of the bar, and gradually lowered on it as often 
as necessary. The bar bears on thin steel plates placed edgewise, and the 
load is brought on to it through a knife-edge. The actual weight of the 
weights used being known, it is the practice when testing to place, say, 
25 cwts. on the bottom plate and lower it gradually on to the bar ; if this is 
carried, successive weights of £-cwt. each are gently placed on in addition, 
until the bar breaks, when the load is duly noted, deflection being also 
observed. 



CHAPTER V. 

THE SPECIFICATION. 

At the present time one of the chief duties of the designer is drawing up 
a specification for the work to be undertaken. It is, however, a question 
whether he really appreciates its value in determining the price to be paid for 
the work. Unfortunately the employment of steelwork in Great Britain has 
never been regulated or recognised by any body sufficiently strong and 
representative to codify the desirable or necessary regulations for its use and 
manufacture. Certainly the Board of Trade and other Government depart- 
ments have from time to time issued rules for the observance of contractors 
doing work for them, or for the due provision of safety on public structures, 
until now each department possesses a standard specification of its own, which 
is used for all work it gives out, with slight modifications to suit special 
circumstances ; but there has never been the slightest attempt on the part of 
the Government to draw up a model specification which might be enforced for 
all work, or even recommended for general use. Indeed, such a course would 
only be productive of further anomaly, since there is no doubt such a docu- 
ment would be unlike any of the existing departmental ones, even as they are 
unlike each other ! The great drawback to the structural trade as a whole is 
the immense variety of conditions imposed by the engineer, and the fact that 
no two sets of conditions are alike. Every job given out is accompanied by its 
specification, which embodies the pet ideas of its designer, and the first thing 
the manufacturer wishes to see is what these ideas are. The drawings are 
quite a secondary consideration with him — it is the specification which more often 
makes the cost heavy or light and which he is anxious to scan. Of course, by 
now the different Government specifications — the Admiralty, War Office, 
India Office, Crown Agents, etc. — are pretty well known, and their names are 
sufficient for the maker. But the host of other specifications — those issued 
by each engineer in Westminster and every town and county engineer in the 
kingdom, as well as every private consultant wherever he may be — are 
always an unknown quantity until they are read. 

It needs a long apprenticeship to structural manufacture before it can be 
realised how very heavily a specification may handicap a job. Every clause, 
every phrase and word are carefully considered before a price is finally arrived 
at. Given the same drawings and details, the same identical design in every 
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respect, and two specifications drawn up for it by two different engineers 
acting independently, and it is not too much to say that the prices under 
open tender by the same firm will in cases vary as much as £5 per ton. The 
specification is usually looked upon by the engineer as evidencing his know- 
ledge and loving care of his work, and if a man gets a " crank " upon any 
particular idea, he is sure to embody it in his next specification. The " crank " 
which looks so harmless and yet promises so much, may cost him £1 per ton 
for every ton of steel used ! 

What is the function of the specification ? Why is it an institution, and 
what should it cover 1 

To answer these questions satisfactorily entails a little retrospection. 
When the constructional trade was in its infancy such things as tenders for 
work were unknown. When any undertaking was required, it was placed with 
some firm who undertook to do the work and charged what they thought a fit 
price for it. That was in the days when iron firms made money and fortunes 
were not long in the amassing. Of course the inevitable happened, the gold- 
mine attracted other adventurers, the practice of using ironwork spread 
because of its obvious advantages over existing methods, and it was soon not 
so easy to obtain the big prices. Presently the buyer began to want to know 
how deeply his pocket was to be drained for a given work, and approximate 
prices had to be named beforehand. Keener competition and increasing work 
soon saw the birth of the fixed-price tender, and then drawings and details 
had to be prepared before prices could be named. In order that the quality 
of the expected work might be made plain to all offerers, short writings 
describing the same were introduced, and it is these which have developed 
into the present specifications through the accumulated experience of many 
men and many jobs. The specification was originally a guide showing the 
class of work which was to be done, as distinct from the drawings which 
showed the type to be made, and was instituted as a means of informing the 
various firms tendering, so that they might each know exactly as much as the 
other, and thus base their prices on matters of common knowledge. This, 
then, is the function of the specification. 

Why it is an institution has also been partly answered. It must, however, 
be confessed that human nature is just the same when steelwork is in 
question as in anything else, and so the specification is also necessary as a 
means of enforcing the desired quality of work. It would be exceedingly 
difficult to pin a firm down to any degree of workmanship without strictly 
defining it. There are innumerable grades of finish and style, and any one of 
these might be substituted to the profit of the manufacturer without some 
standard of appeal. It must not be thought that steel firms are rogues ever 
on the outlook to rob where they can — it is this mistake on the part of the 
buyer which often causes so much unnecessary friction ; but where a job has 
been let on certain drawings and specification, it is only fair to the unsuccess- 
ful firms tendering that the latter should be enforced for the work. In fact, 
there is everything to gain from a reasonably drawn specification. It shows 
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the maker exactly what he is and is not to do, and what he is and is not 
liable for; it obviates all chances of unpleasantness with a rigorous buyer 
when an easy one was expected, and is a standard of appeal to both parties 
Well and intelligently drawn, it is a direct help to all concerned and is 
welcomed by all. 

The question as to what it should cover is the vital one, and here 
the manufacturer and the engineer only too often do not see eye to eye. 
The first-named deems the specification a convenient means of indicating 
standards of workmanship — the latter only too often uses it as a stalking 
horse for a real or fancied hobby. Not that the engineer is purposely a dog 
in the manger altogether ; usually a special clause of his own is put in 
because he profoundly believes the practice he advocates will result bene- 
ficially to his work — he is merely not alive to the added labour and cost his 
course entails, and through its being no business of anyone's to enlighten him, 
he only thinks that the market is ruling rather high when his tenders come 
in. No one would be more surprised than he if he learnt that the high rates 
asked were directly due to his pet clause and scheme. Succeeding chapters 
will go into the question of these clauses much more minutely, and it will be 
seen to what extent conditions of this nature can rule prices. 

It will be a safe statement if we say that the specification is primarily 
intended to define the desired grade of work and that conditions affecting the 
quality of the material — the tests it must stand and its general appearance 
when rolled — will find the first place in it. Following these, notes as to 
the finished appearance of the work, with possibly a brief description and 
elucidation of any special points, will naturally come. Then it may also be 
considered that certain questions of methods of manufacture which may have 
a direct bearing on strengths should be mentioned ; and that directions as to 
painting, delivery, and packing would also be germane. A specified time of 
delivery with, perhaps, a penalty clause would complete the desirable points of 
a specification. 

Now of these several items the majority are of that class which should 
never be altered, and are therefore capable of standardisation. There is a 
commercially best method of doing everything, just as there are commercially 
best tests. Certainly there are more ways than one of doing things ; but if 
the one way is at least as easy and efficient as the others, and that way is 
standardised so that men get thoroughly used to it, it soon becomes the best 
way — best in the sense that it will be done both more quickly and thoroughly 
because the men concerned have got so accustomed to it. Questions, then, of 
manufacture as well as of tests are capable of being codified, so that it would 
only be necessary to refer to them as of such and such a standard. In this 
sense we are far behind our foreign competitors. In the United States, where 
the industry is on a very different basis, and the consulting engineer as 
we have him is unknown, there are standard specifications known as the 
" Manufacturers' Standard Specifications," and these are freely accepted by all 
manufacturers. To them is to be attributed in no little measure the alarm 
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which American competition has recently aroused in this country, since the 
mere fact of their existence has enabled the maker to lay out his plant and 
his works specially to be able to fulfil them; and for work in accordance 
therewith he has consequently unrivalled facilities. 

It is this aspect of the question which is not sufficiently well understood 
amongst us. So long as every specification varies, so long must the maker 
maintain plant of all kinds equal to coping with all demands. The only 
possible outcome of this is that British prices must be higher than American 
ones, even for the same work. The American has but certain fixed laws to 
follow, and his work must automatically become accepted ; the Britisher has in- 
numerable laws — for every job in his yard a different set — and the added cost 
of clerical work and oversight alone must put him out of the race with his rival. 
Give the home maker the same or any other standard specification to work 
to, and a very different tale would soon l>e told. A copy of the " Manufac- 
turers' Standard Specifications," corrected to February 1903, will be found 
at the end of the book. 

It is not expected that the American specification would find favour here ; 
it is so radically different from what we are accustomed to. Yet the 
Americans have done more steelwork than we have, and their ways seem to 
answer quite as satisfactorily as ours in practice. It is, however, too much to 
hope that all our traditions can be upset so violently as its adoption would 
mean. We must be content to progress much more slowly. Almost any 
specification, however stringent, would be welcome ; the certainty it would 
give and the opportunity of making special dispositions would quite outweigh 
other drawbacks. The American one will be found on perusal to be specially 
laid out to suit quick work and deliveries ; its terms are much easier than 
any British one, yet good work is safeguarded, and it can be distinctly dubbed 
" commercial " in every sense. 

There is everything to gain from standardising all the points which lend 
themselves to it. Descriptions of work, delivery times, etc., would, of course, 
always be special to any job ; but there seems no valid reason why every 
separate authority in the land should have its own pet clauses, unless as a 
nation we particularly wish to pay more for what we get than we need do. 

Leaving the manufacturing clauses to be dealt with more fully later, a 
few observations on the special conditions so often imposed will not be out of 
place here. 

The " time " clause is very frequently the cause of much more being paid for 
work than need be. Of course, there are cases where time means everything, 
and where nothing must be allowed to stand in the way of the earliest possible 
completion. But in reality these cases are few and far between ; far fewer 
than the very stringent clauses so often met with would seem to imply. 
Short delivery times with huge penalties for non-completion are quite the 
fashion, and they are recklessly inserted often without any more real grounds 
than the wish to get work out of the way which has been hanging fire for 
some time. There would be a deal less to be said against them if the whole 
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system was different. Work designed in the home market is characteristically 
slow in coming through, and it is always so contrived that it is bound to be 
slow also in the manufacture. In no other country are designs so foreign to 
economy of both time and money to be seen. 

So, very often, it happens that the designer or engineer being somewhat 
busy, his plans do not come through as quickly as they might, and he finds 
himself dangerously near the times mentioned by his client for completion 
before he has even let the work. Then a rush must be made, a time clause 
be fashioned, and a penalty fixed. The result is that the cost is greater, 
and friction and quibbling are bound to arise. It is only common sense to 
suppose that the manufacturer is not in the steelwork trade for the fun of 
it, and that he will make a profit somehow. If, then, he is faced by heavy 
penalties for possible non-fulfilment, he is bound to insure himself as far as he 
can, and it is common practice, when it is seen that it would not be possible 
to deliver in the times named, to include an extra amount in the estimate 
to cover the fines for the expected delay. Thus the end sought is defeated 
and the buyer no better off, whilst he gets a " rush " job with its consequent 
troubles. If a little more expedition had been made with the plans, and a 
great deal less said about penalties, a much more satisfactory job would have 
resulted. Given reasonable drawings and specification, the British maker can 
turn out his work as quickly as anyone ; but with the restrictions under which 
he has to work, it is matter for wonder that so much can be done. The 
American maker would not look at such conditions; in fact, an American 
yard could not tackle the miscellaneous jobs which are daily fare in a British 
yard. There have been many recent examples of American firms running 
off with British work ; but when the order has been secured, the buyer has 
found that he had to accept their specifications and methods of work ; and 
though it would be foolish to say that the finished jobs are not good and equal 
to what they have to perform, yet they are most decidedly not of that class 
expected, and not equal, in home eyes, to home work. This should always be 
borne in mind when foreign estimates are being considered and compared with 
home ones; if a really reliable guide is desired as to whether our manu- 
facturers are behind their rivals, let ours be asked to give prices on the others' 
data, or else let it be clearly understood that absolutely the same conditions 
will be enforced, whether the work is done in this country or not. The results 
of such a course would be more than surprising. 

In some specifications a clause is inserted to the effect that, if an inspector 
so wishes, he may order the removal of 'any man or men from the work in hand, 
and the contractor will be bound to substitute others! Why such an 
arbitrary course should be thought necessary is hard to fathom. It probably 
owes its birth to a perhaps well-deserved snubbing suffered by an inspector at 
the hands of a workman. It should be remembered that an inspector's duties 
are not of the easiest, and that it needs a capable man to fill the post 
satisfactorily. Only too often the man appointed is not up to his work, and 
because of his plenary powers conducts himself the reverse of pleasantly. If 
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there is friction at a works because of the inspector, it is time to inquire into 
that inspector's capabilities. Speaking from a long experience from both the 
maker's and the inspector's standpoint, the author is of opinion that in the 
majority of cases of this sort it will be found that the wrong man has been 
chosen to represent the buyer. There are both cantankerous makers and 
workmen to be found, but they are few and far between. It is so obviously to 
their interest to be on good terms with the man who has to pass their work, 
that common sense tells us that they will not readily break with him. It 
needs an exceedingly well-balanced and level mind to act the inspector's part 
properly ; it is in his power to daily annoy and harass if he so wish, and no 
man of a petty or spiteful disposition should ever be selected for the work. 
Least of all should he have the added knowledge that he can insist on the 
removal of any man he may happen to dislike from the work. His real 
business is to see that good work is obtained for his principals. It matters 
nothing to them what the individuality of the man is who has helped in the 
work ; with that they have nothing to do. The question as to who shall and 
who shall not work for the contractor is surely one for himself alone to 
decide. 

Occasionally, also, clauses are found providing that the inspector shall 
decide on the quality of the work ; that " the degree of finish shall be such 
as the inspecting engineer shall require," and that he " shall be able to reject 
any work of which he may not approve." Surely if a specification has any 
duties, they consist in defining the " degree of finish." The inspector, then, 
should interpret the definitions to the best of his ability, and not become an 
independent arbiter able to demand, if he so desires, a finish quite foreign to 
that intended. So long as such clauses find their way into specifications, so 
long will makers have to adjust their prices to deal with them. If risks of 
any nature are to be taken, it is patent that an insurance provision against 
them must be made. 

It would be possible to comment on many other strange conditions 
occasionally met with, but no good purpose would be served thereby. 
Sufficient has been said to emphasise the statement that the specification is 
not fair ground for the display of individual preferences unless the buyer is 
prepared to pay fully for them. If a reasonable market price is wanted for a 
reasonable article, then reasonable conditions must be drafted. 

In the appendix will be found a model specification, drafted so as to suit 
British practice and adapted for the best class of work. In it will be found 
all the essentials considered in these pages, yet it is fair to both buyer and 
maker. It embodies everything necessary to cover all requisite points, and 
is recommended as a convenient groundwork for average practice, 



CHAPTER VI. 

THE DRAWINGS — (a) RIVETS. 

It is astonishing how few drawings come to the manufacturer from the 
engineer in a fit state to go straight into the workshops! If one or two 
Government departments, the principal railway companies, and a few of our 
foremost consultants be excepted, it may safely be said that 99 per cent, of the 
remainder send out their drawings either in an unfinished state, or with many 
errors evidencing incomplete acquaintance with practical details. Although, 
according to the prevailing system of this country, the manufacturer is not 
supposed to do any designing, this being in the hands of the consulting 
engineers and the staflfe of the large corporations, yet there are few structural 
works where a fairly large number of draughtsmen are not kept. It is the 
business of these men to prepare the drawings received for the shops, and to 
arrange for the ordering and tabulating of materials required, etc. There are 
one or two famous works in the country who, through their reputation, are 
entrusted with the design of peculiar work for which they have made them- 
selves noted; but outside these there are thousands of draughtsmen daily 
engaged in correcting and extending drawings received, so that they may be 
in a fit state to go into the shop. This fact argues a woeful lack of knowledge 
of what is and what is not practical ; it is seldom, indeed, that any drawing 
received from any source can be passed forward without permission having to 
be asked of the engineer to make some alteration to what has been shown. 
This entails correspondence, sketches of what is proposed have to be exchanged, 
and much valuable time is lost. Of course, it may happen that the proposed 
alterations are to suit the maker's convenience in some way ; but, leaving such 
out of the question, it is remarkable to what an extent it is done. 

Now the drawings should, of course, be a true presentment of what is 
required. The neater and cleaner they are the more use will they be, but 
they are not pictures in any sense ; yet that is what a great many draughts- 
men try to make them. It should be remembered that platers and template- 
makers are not artists, and they cannot appreciate beautifully finished and 
lettered drawings unless they are also clear and precise on every point. The 
first essentials of a drawing for the shops are absolute clearness, both in lines 
and figures, and a total absence of everything that is not necessary to their 
elucidation. No sizes or dimensions should ever be left to scale, but figures 
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should be placed everywhere ; not in one place only, as when the same thing 
is shown in different views, but every view should be dimensioned fully, so 
that, in some cases, the same figures may be repeated many times. Time 
spent in the shops hunting over three or four views in order to find a 
particular figure has to be paid for by somebody. Dark lining and shading 
are seldom advisable, except that the latter is sometimes useful to bring out 
a prominent feature in some view or other ; it is only confusing to the work- 
men to have to sort out the right lines amongst a multitude of shading ones. 
Plain lines of an even thickness throughout are much more serviceable in the 
shops. Sectioning should be plain and well-marked, so that each part may 
be clearly distinguished ; as a rule, it is better to do this diagrammatically in 
thick solid lines than in the conventional hatching. When practicable, flat 
colours, well chosen, greatly assist in the rapid reading of what is meant ; in 
fact, the plainer the drawings are, together with the fullest information of 
every part and a plurality of dimensions, the more they will be appreciated. 
Eschew the draughtsman's " art " — let that be left for office copies if you will — 
but see that everything destined for the shops is as plainly drawn as possible, 
and cram full of information. 

m 

Another thing that should never be lost sight of is that the workman is 
not expected to have, nor is allowed, any initiative of his own in treating or 
elaborating or extending his work. When, as is nearly always the case, a 
design is the outcome of exhaustive calculation and much forethought, it 
would be folly to run risks of any alterations, however slight, being made by 
a workman, except with full authority from his superiors. Therefore, every- 
thing on a drawing has to be faithfully reproduced in the shops, and it follows 
that, if the draughtsman leaves little details, either because he does not 
understand them or they are too much trouble, the work will suffer 
accordingly. When drawings incomplete in this sense, then, are received at 
the works, the works staff must rectify and draw them out correctly before 
they can be passed on. It is a not uncommon practice amongst engineers to 
send drawings of the broad outlines and dimensions of schemes, and request 
the makers to draw out the details, and submit them to their approval. This 
is always willingly done, and results are invariably satisfactory ; but it hardly 
seems the correct way of working. The man who makes the first calculations 
for the work is surely the one to also devise the details to suit. 

Amongst the common errors made in drawings, those involving riveting 
arrangements are, perhaps, the most frequent. Now, a girder is nothing 
without its rivets ; its plates, angles, and tees are utterly useless without them ; 
they may be said to be the most important part of the whole ; yet many 
draughtsmen can successfully negotiate obscure calculations and arrange 
sections and sizes, but when it comes to a question of riveting they make 
the most senseless errors ! Few days pass in the works drawing office with- 
out an instance of rivets being shown in positions where they could not 
possibly be put in ! The designer seems incapable of comprehending that 
plates and other material must be put together in a certain way, and that 
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the riveting can only follow suit. He light-heartedly shows rivets in every 
conceivable situation, and is astonished to be told that they cannot be put in 
as shown. To design good riveting in any girder is no child's play ; it takes 
a good draughtsman to do it successfully. 

When considering riveting there is much to be borne in mind. Take the 
case of an ordinary web-plate girder — supposedly the simplest form to deal 
with. Generally the drawing is all made, and then the rivets are stuck in as 
best they will go, to agree as nearly as possible with theoretical requirements. 
This is the wrong way entirely. Before any drawing whatever is done, the 
whole question of the riveting should have been threshed out. It should 
have as important a position in the mind of the draughtsman as the section 
required at the point of maximum B.M. On it depends the exact length 
of every piece of material (if the girder is of too great a span for them to be 
in one length), the position of the joints, the position of the stiffeners, and 
very often the thickness of web used. In large girders of the Linville or 
lattice type, the riveting is on a somewhat different basis, but the present 
point can be best illustrated by a plate girder in a warehouse or large hotel. 
Into it trim a number of cross girders at certain fixed points, and a fairly 
heavy load is carried with a span of, say, 50 ft. In dealing with such a case 
the draughtsman should first determine his loads, find his reactions and 
position of maximum bending moment, and then set up his B.M. diagram. 
When the required flange section has been ascertained and the flange-plate dia- 
gram drawn, the shear should be considered and the web tried for " buckling." 
At the same time rivet diameter and pitch should be worked out, and the web 
thicknesses should ultimately be settled, not by the shear alone, or the rivets 
alone, but having due regard to both. Thus the diameters and maximum 
allowable pitches of the rivets are provisionally determined for all points in 
the girder before a line is drawn on paper. In commencing the drawing, a 
faint rectangular outline of the girder should be first made, and on this the 
centre lines of all fixed points — centres of cross girders fishing in, and all 
connections — put in. Then must come the consideration of the stiffeners 
and riveting pitch, and the aim must be to primarily obtain as regular a pitch 
as is possible. Generally the draughtsman seeks to place his stiffeners at 
mathematically correct centres apart. This is a mistake. There are few 
girders, especially those in buildings, of which the moving of a stiffener one 
or two inches either way would affect the looks. Certainly a symmetrical 
placing is pleasing to the eye, as also it fits in best (on evenly loaded girders) 
with theoretical requirements ; but the eye cannot judge to an inch or two, and 
generally it is only this inch or two which is needed to give the rivets' a 
regular pitch. It is a bad plan to place the stiffeners and then space the 
rivets between as best they will go. Perhaps at a given point^a 4-in. pitch is 
desirable, and through this being done the pitch actually becomes 3£ in. 
Does the draughtsman ever think of the extra time required by the template- 
maker to set out a 3 J-in. pitch over a 4-in. one ? Somebody has to pay 
for that time, and it is not usually the maker. By slightly moving the 
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stiffeners the 4-iii. pitch might have been used, and the extra time and 
cost saved. 

Of course, the fixed connections may (and sometimes do) interfere with the 
riveting. If that happens the diameter may perhaps be varied a little and a 
workable pitch obtained this way. If that does not answer, then choose the 
best regular pitch and make one or two odd pitches to bring centres correct. 
It should be remembered that the template-maker has a long steel rule 40, 




Fio. 2.— Kneed tee. 

50, or 60 ft. long fastened to his bench, and that when setting out rivets he 
brings his frames level with this and marks out with the scriber or pencil 
and a square. A regular pitch such as 3 in., 3} in., 4 in., 5 in., or 6 in. 
is therefore very easily and rapidly marked off, whilst an irregular one 
involves much cogitation. A single odd pitch may be easily allowed for, and 
that is why it is advocated. Another point which often upsets riveting is 
the choice of size of stiffeners. A tee is a very favourite stiffen er, but it is a 
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great enemy to a regular pitch. Where the stiffeners are kneed as in fig. 2, 
and there is only one flange plate, the tee does not interfere with rivets ; 
but where it is not kneed, but joggled as in fig. 3, the closeness of the 
two rivets through the tee upsets the pitch altogether. It will be found 
generally in girders as fig. 3 that angle stiffeners can be advantageously 
substituted for the tees ; they are just as effective for most purposes, and they 
have, of course, the recommendation of only taking one rivet where the tee 
takes two. If tees must be used, let the rivets between stiffeners be a 
regular pitch, so that the centres are not broken, except at the stiffeners. 
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Since in all girders the points of maximum shear are at the abutments, 
naturally the rivets here have either to be thicker on the ground or 
of a larger diameter. Now, the cheapest girders are those with the same 
unbroken pitch throughout, using the same diameter of rivet all through. 
Questions of theory preventing the use of the cheapest type, it is imperative 
that the least expensive arrangement consistent with theory should be adopted 
in its place. We therefore wish to get as few different pitches as possible, 
and as few differing diameters. If it is possible to use the same diameter 
throughout by varying the pitch, it is best to do so ; and so we may get a 
pitch of 3 in. at the ends for a distance dictated by the shear, and then 
for the remainder use a pitch of 5 in., say. Of course, the fewer rivets 
required the fewer holes will have to be drilled, and so another saving is 
effected ; otherwise the 3-in. pitch could have been carried right through. If 
both pitch and diameter must be varied, there should not be more than two 
differing diameters in the same girder, except in special cases. At all times it 
should be the object not to exceed either two pitches or two diameters, if 
economy be a desirability. 

As regards choice of diameters, this must to an extent be regulated by 

the shear and bearing area. For instance, given that the maximum shear on 

a web be 50 tons and its effective depth 48 in., we may judge that £-in. 

rivets would be suitable. The value of one f-in. rivet in double shear is, say, 

5*2 tons, and its bearing value is, given a £-in. web, 4*5 tons. Since the 

4*5 x 48 
bearing value is the least, we get a pitch of — ^ — = say, 4 J in. This is 

quite a large pitch for the ends of the girders ; and so far as the rivets go 
it looks as though a f-in. web would do. This would give a bearing value 

of 3 '375 tons and a pitch of =tt = say, 3 in. This would not be too 

close, and would do very well if the web could be sufficiently stiffened. If, 

now, the shear was 100 tons, all other data remaining the same, the rivets 

would not be quite such a simple matter. With £-in. web and f-in. rivets a 

4-5 x 48 
pitch of — ,qq = say, 2 in., would be necessary ; and as this would not be 

permissible, it becomes necessary to increase either rivet or web, or perhaps 

both. Try a |-in. rivet with £-in. web. This has a bearing value of 5*2 

tons and a double-shear value of 7*2 tons. Taking the least, a pitch of 

5-2 x 48 

— jqq — = 2 \ in. at most would be imperative ; and this not being advisable, 

either the rivet must be further increased or the web thickened. Try the 

latter, and take a f-in. web. Now there is a bearing value of 6*5 tons and 

6*5 x 48 
a consequent pitch of — « QQ = 3 in. This might be adopted, and it is seen 

that the web must be at least f-in. thick, unless the rivets are further 
increased in size. 

The question now becomes, which will be the cheaper course : either to use 
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made 5 in. x 5 in., the flange plates would not require to be quite so strong, 
and this would be allowed for. It is almost bouud to turn out that the 
5-in. x 5-in. angles give a girder of the smaller weight, and it then becomes 
a question whether 5 in. x 5 in. would suit the connections, the width of 
flange plates, and other matters with which they have to work in. Supposing 
it were finally decided to adopt the 5 in. x 5 in., the necessary chain-pitch of 
2£ in. and 5 in. would be placed where the shear required it ; and where the 
shear lessened, the pitch could be brought to an ordinary plain one of 3£ or 
4 in., as required. The angle would then look as in sketch (fig. 4). 

There is another point which must not be overlooked, and that is, that if 
the f -in. web had been used, it could have been dropped in thickness when 
the small shear was reached, and so a little weight saved. If this had been 
done, thin packings would have had to be employed at the angles so as to 
make up the thickness, or the angles would have to be slightly " sprung " in 
the riveting. Of course, it might also be arranged so with the J-in. web ; 
that is, both might be dropped to f-in. perhaps. If the girder was distributed 
loaded only, or had two concentrated loads symmetrically placed, so that the 
shear at centre was nil, a very thin web plate would be quite suitable. The 
objections to the practice are that thin packings are not liked in the girder 
yard, and if only one or two small girders are required, it will be cheaper 
not to do it ; if there are, say, twenty or thirty to be made from the same 
templates, or the girder is for a large span, the saving in weight would be 
considerable and worth taking into account. Some engineers make a practice 
of thus reducing web thicknesses, but for small odd girders the weight saved 
is more than counterbalanced by the extra cost. 

From the few calculations just made it will be apparent that even the 
exact section at point of maximum B.M. is not always determinable until the 
riveting has been threshed out. Of course, the nett area required remains 
the same, but if diameters are altered the material will have to be 
altered to suit. This does but emphasise the remarks made a little while 
ago — in commencing to set down a girder on paper, know what the riveting 
has to be before going too far. Generally the draughtsman goes right for- 
ward, arranges his stiffeners, and then — rubs them out again, to duly provide 
for rivets, or else the riveting suffers in the ways indicated. The riveting 
should all be set out and centre lines duly put in before a single flange plate 
has been drawn ; then the precise length of each is easily determined. 

Since riveting and stiffeners go together, the one modifying the other, 
minimum centres for the latter should be worked out at the time the former 
is being considered. When the minimum requisite web for riveting has 
been figured through, this thickness should be tried for buckling, and by 
the usual methods the advisable spacing determined. Then when 
ing is tackled much valuable time and trouble will be saved. 

It is a poor way of making a drawing to show everything bu< 
and then put a note in one corner to the effect " rivets £-in. ( 
pitch throughout," unless the centres of all stiffeners and cc 
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their sizes are such that a 4-in. pitch will work in perfectly everywhere. On 
the other hand, there is no need to go to the other extreme and show every 
rivet required. The happy mean is required, the aim being not to leave 
anything to chance, but to give just sufficient information, so that the 
template-maker shall never be in doubt as to what is meant. In order that 
this may be so, err a little on the lavish side, since he cannot see what is in 
your mind excepting only so far as your drawing indicates. 

A very common size of rivet is f-in. diameter, and it is the smallest size 
which should be put in any but very light work ; f -in. and $-in. are too small 
to be effective ; besides which, they are so small that they are very liable to 
be burnt in the heating and thus spoilt. For light work they must, of 
course, be used ; but even if f-in. would be suitable theoretically in certain 
situations in heavy work, they will be best eschewed, {-in. is a very good 
size, one of the best that can be driven, and very suitable indeed for all- 
round use in medium and heavy work. 1-in. rivets are being used now more 
than they were, but anything over {-in. in diameter should only be used when 
the thicknesses of material are commensurate. 1{ in. and 1£ in. are sizes 
that are occasionally used, but care should be exercised in employing them, 
as they take a deal of driving, and are rather apt to be loose in the finished 
work. All large firms have tackle to deal with these sizes, but not all of the 
smaller works are as yet equipped ; and whilst they can all drive up to 1 in. 
successfully, they are not all reliable over that figure. It should always be 
an endeavour not to get the larger sizes in positions where they can only be 
driven by hand. This latter class of riveting can be very successfully 
managed when the best labour is employed, but the average is not high. 
With the advent of machine methods the demand for good gangs fell off, and 
whilst good men can still be got, yet the majority are not up to much ; rivets 
of comparatively small diameters they can manage very well, but it needs 
good men to properly snap 1 J-in. rivets. 

As regards the relative proportions to be observed between thicknesses of 
plates and diameters of rivets, it is best not to know any rule, since such 
will only be misleading. Diameters must be suited to the needs of the work. 
Some men say that they should be reckoned as being double the thickness of 
the plates less {-in. By this rule, f-in. plates would get f-in. rivets, J-m. 
plates {-in. rivets, and jj-in. plates l}-in. rivets. Since f-in. plates can very 
often be well managed by {-in. rivets, there does not seem much truth in the 
rule. It is better to say that on the average f-in. plates will need f-in. rivets, 
J-in. plates {-in. rivets, and f-in. plates 1-in. But this is no real guide, 
though perhaps it is somewhat more in keeping with current practice than iB 
the one first named. An American rule relating to the pitch of the rivets is 
not a bad one to bear in mind. It is that in stanchion work or the com- 
pression flange of a girder, the pitch of the rivets should not be more than 
sixteen times the thickness of the plates being used. For J-in. plates this 
means a maximum allowable pitch of 4 in., for f-in. plates of 6 in., and for 
J-in. plates of 8 in.; of course all these rules are purely empirical, and with 
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the exception of the last, which is derived from actual experiments, are hardly 
worth the paper they are written on. As regards a maximum allowable 
pitch for girder work, it is not often advisable to exceed 6 in.; certainly this 
pitch should never be exceeded for any work exposed to the weather, as any- 
thing over will not make a sufficiently tight job to keep the elements 
thoroughly out. For inside and protected work it might sometimes be 
exceeded, but work with wide pitches is not always so economical as might 
be thought, and British practice for built-up girder work does not favour 
more than 6 in. 

Calculations for riveting should never be taken too finely. If in jointing 
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Fio. 6.— Old way of riveting girder flange. 

a flange plate it be found, say, that sixteen rivets on either side are just 
enough theoretically, there is nothing lost by putting in eighteen. A good 
many engineers are of the opinion that, as a general practice, we are in the 
habit of putting in too many rivets. Perhaps so ; but that is more the fault 
of taking too low a unit stress. There is no good reason why rivets should not 
always be taken at 6 tons in shear, with a bearing value of double that 
amount, i.e., 1 2 tons per square inch, the smaller value always to be used for 
quiescent loads. If in calculating pitches it be found that a fractional pitch 
figures out, adopt the next lowest regular pitch. A small allowance is thus 
made which will help a little towards avoiding those uncertainties in even 
the best class of work — burnt, badly formed, or loose rivets. That is why 
it is counselled that a couple of extra rivets be placed in important joints. 
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Inspectors do not always detect all the bad work — it may happen that even 
the girder yard itself does not always know of its existence ; and if the bad 
rivets should come at the joints it might prove serious. By "regular" 
pitches are meant those ascending by J-in. at a time; thus, 3 in., 3} in., 
4 in., 4£ in., 5 in., etc., would be so described, though 4£ in. and 5£ in. are 
not very much used. There are plenty of structures existing in which 
the rivet stress has been taken at 8 tons per square inch ; and where entirely 
quiescent loads are being dealt with, this may do very well, but it is a high 
value to use for everyday work. If there is a weak spot in a girder It is 
much more likely to be in the rivets than anywhere else, and it might 
prove an expensive job to carry " economies " in this direction too far. A 
little prudence might some day be worth a great deal. 

An error not infrequently made is that, when it has been considered 
desirable to regulate the allowable stresses on members according to Wohler's 
theory, and in consequence some of them are stressed perhaps as low as 2 tons 
per square inch, it is forgotten that the rivets confining those members to the 
structure, having just the same alternations or variations of stress to undergo, 
should also be stressed on the low limit. True, their stresses do not alternate 
from compression to tension, but are always shearing ones; yet the rapid 
vibrations which are supposed to be so injurious to the one are certainly 
present also with them, and if such conservative action is necessary with the 
bar it is also desirable with its rivets. 

Although the advantage of riveting girder flanges so that only two holes 
occur in the cross-section is fairly well recognised, yet we still come across 
instances occasionally of the old style of four rivets abreast. Figs. 5 and 6 
will illustrate the two methods. 

In large flanges with many plies of plates the difference of two holes in 
the cross-section often means a great difference in weights, and fig. 5 is 
unquestionably by far the most economical. The only ways in which fig. 5 
could fail by the plates parting are as shown by the dotted lines A A and B B. 
Failure by B B cannot occur so long as the sectional area available along the 
line is greater than that available along line A A, and care must always be 
taken that this is so. 

Girder sections and arrangements are usually such that nearly all riveting 
can be done by machine; but very frequently this is not the case with 
stanchions, and in proportioning a cross-section for these care should be taken 
that it is looked to. Often sections such as in figs. 7 and 8 are proposed. 

These look all right, but if the sections are small, there is not room enough 
to insert the nose of the ordinary riveter so as to properly get at the rivets. 
For instance, if the joist in fig. 7 is a 4-in. x 3-in., it would need a special 
machine to make a good job, and even then, with the flanges being so narrow, 
the majority of the rivets would almost certainly be one-sided. In planning 
work due regard must always be had to the tools with which it has to be 
carried out. 

It is hardly necessary to say that the usual rivets used in this country 
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are " snap " or " cup " headed. Properly speaking, there is a distinction between 
the two, but in this country we have so mixed them up that they are now 





Fig. 7. Fig. 8. 

Bad style of stanchion sections. 

regarded as alike. The relative dimensions of a good snap-headed rivet are 
as given in fig. 9. There should not be much rounding under the head, 
whilst the head itself should always hold full to both diameter and thickness. 
The snapped end should take a length equal to one and a half times the 




Fig. 9. — Snap-headed rivet 

diameter of the rivet to make it properly. Countersunk rivets always want a 
little attention, and should never be placed in situations where the stress is 
in the direction of their length. They have not nearly the strength of snap 
heads, and are often not very well driven. Their proper relative proportions 
are given in fig. 10. 
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Fig. 10. — Countersunk rivet. 

A good system of marking rivets on drawings so as to distinguish them 
readily is that known as the Osborn. Fig. 1 1 shows this very well. 

" Field " rivets are those to be. put in at site during erection, and are shown 
well blacked, as in the sketch. The system has for its foundation the 
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diagonal cross to represent a countersink, and the blackened circle for a 
field rivet. The position of the cross with respect to the circle, inside, 
outside, or both sides, indicates the position of the countersink. The 
Americans cany the system very much further, having diagonal strokes to 
represent flattening of the heads to various heights; but as this practice 
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Fio. 11. — Marks for rivets in drawings. 



is not in much favour in British circles, there is no need to reproduce its 
signs here. 

Care should always be taken that rivets are not brought too near the 
edges of plates or bars. The distance between the edge of any plate and the 
centre of the rivet should not be less than 1} in. for f-in. and {-in. rivets, 
and for larger diameters it should be at least double the rivet diameter. 
Failure through the plate bursting at the hole is very liable to occur if 
this precaution is neglected. 



CHAPTER VII. 

THB DRAWINGS— (b) MATERIAL SIZES. 

Not many designing engineers really know how much the choice of the sizes 
of their sectional material influences both the delivery and finish of their work. 
In a vague way it is understood that some sizes can be obtained better than 
others, but what those sizes are, and why it is so, few trouble to inquire. 
The real difficulty is that the designer is generally so out of touch with manu- 
facturing needs and possibilities that he quite fails to appreciate the com- 
mercial side of the question, and thus cannot see why he should not get a 
3£-in. x 3£-in. angle just as readily as he can get a 3£-in. x 3£-in. 

Taking a given bridge, it is possible to detail it out in two ways (still 
keeping the same design), one of which will take from three to six times as 
long to supply as the other, and yet the weights and sectional areas involved 
shall be the same. It is not that one detail will take more making than the 
other, or will occupy any longer in the actual manufacture — there may not be 
an extra rivet in the whole structure — yet it shall cost anything up to double 
as much, and take all this extra time to turn out. The secret will lie in 
nothing more than the choice of sections made. 

Good designing does not consist in being a good mathematician. On the 
contrary, the mathematician generally makes a poor designer, yet mathematics 
are essential to all designing. They are not, however, the essential. A practical 
man without the trace of a claim to even moderate arithmetic will very often 
turn out a better girder than another man who has employed reams of figures 
over his work, simply because he will use his former experience and employ 
just that material' which he knows he can readily obtain. There is a certain 
fascination about mathematics which draws a man on and causes him to lose 
sight of the importance of everything save his figures. After being at the 
trouble to extract certain results to one or two decimal places, it seems sheer 
waste not to make the most of them and cut and carve everything as finely 
as they indicate. Yet this is where practical and theoretical designing cross 
each other. The former involves the use of figures only so far as they help 
towards an end ; the latter is the end itself. 

For small and moderate spans and nearly all building work, figures are 
used more as an indication of what is wanted, or rather as a means of arriving 
at a minimum possible section, than for anything else. The case is rather 
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different as spans get larger. In the very largest class of work, say of the 
immensity of the Forth Bridge, figures must be much more closely worked to. 
Here the dead- weight of the structure is enormous compared with the useful 
load, and the main object must be to reduce this dead-weight as much as 
possible ; hence the more important the undertaking, the more place mathe- 
matics play in regard to its shaping. But few engineers are called upon to 
have anything to do with Forth Bridges, and our concern just now is more 
with the average work to be met with, where the dead-weight of the structure 
is but a fraction of what it will carry, and where little deviations from figured 
theory matter nothing to the stability of the fabric. By this is not meant 
that what is about to be- said does not apply to large work ; far from it. 
Even a Forth or a Tower Bridge could be made to cost more than they have 
done without adding an ounce to their weight, as stated in the second para- 
graph of this chapter. 

With average work the least difficult thing is to determine the stresses on 
members. This may be done in a very short time compared with that 
necessary to prepare the complete design. It is the selection of the materials 
to be used to take those stresses, their arrangement and proper fitting in, the 
one with the other — the commercial side of the design which brings out the 
skilful man. It is this side in which the steel expert has his great advantage 
over the average practising engineer or architect. It takes only a fair 
knowledge of the general principles of engineering to determine stresses on 
framed structures ; but it wants intimate acquaintance with the girder yard 
and current trade conditions to apply stresses successfully. 

Yet there are many points which it will repay the engineer to study. 
First and foremost, he should know why it is that certain sections can be 
bought much more cheaply than others, and also be delivered so much 
quicker. The reason is that the demand for material runs more on certain 
sizes than on others. The steelmaker, as previously explained, has a " rolling 
programme," which is, of course, always made up according to those sections 
for which he receives the most orders. The changing of rolls costs money, 
and the less changing which can be schemed the better. It is therefore a 
costly job to put a set of rolls in for a small order, costly, that is, per unit of 
the weight rolled. If it costs (say) £10 to put any set of rolls in, and the 
orders to be rolled from that section aggregate 150 tons, it means that the cost 
per ton of changing has been one shilling and fourpence. If, now, they were 
changed and there was only 5 tons to be rolled, we at once get £2 per ton as 
the cost of the operation ! So that it is not commercially possible to put any 
size in when required, and orders must accumulate until their amount justifies 
the expense of changing. 

Thus some sections will always be very readily obtainable. They are 
favourite sizes and orders rapidly accumulate, and their rolls are constantly 
going in and taking precedence of less favoured sizes. It becomes best then to 
employ these sizes when, if there were no such considerations, different ones 
would be chosen. 6-in. x 3-in. tees and 4-in. x 4-in. angles may be instanced 
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as amongst the commonest sizes in the market, and they can generally 
be obtained in less than a week. As an example of the other extreme, 
4£-in. x 3£-in. angles and 5-in. x 4£-in. tees may be mentioned. 

Roughly speaking, it may be reckoned that 6-in. x 3-in. tees and 4-in. x 4-in. 
angles can be delivered in a week ; 3-in. x 3-in., 3£-in. x 3£-in., and 4-in. x 3-in. 
angles and 4-in. x 3-in. tees in a fortnight ; and 2|-in. x 2£-in., 4£-in. x 4£-in., 
5-in. x 4-in., and 6-in. x 6-in. angles and 5-in. x 2£-in. and 5-in. x 3-in. tees in 
from three to six weeks from date of order. These can be described as the 
"regular" sizes of angles and tees. For all other sizes usually seen on a 
merchant's list, it may take anything up to some months to supply. Of 
course, if a large quantity is wanted of any one size, either regular or other- 
wise, most makers will put in the rolls for their next programme. Once the 
week's rolling list is got out it is seldom altered. The quantities are calculated 
beforehand, and only small or moderate orders can be accepted once the list is 
out. If a large order comes along it is carried on to the next programme. 

If a few bars of a special section are wanted, and none of the mills are 
putting in rolls for same, the only thing to do is to pay for the change of 
rolls involved. This may mean anything from a few pounds up to twenty, 
and, needless to say, makes the total cost prohibitive. Still, if sizes must be 
had, it may have to be done occasionally. If the special size wanted is similar 
to but smaller than something which can be more readily obtained, it is a 
frequent thing to plane the larger into the less and thus secure it. Many 
times this is the only way of doing it ; but this also makes the section cost 
more than it ought. The list of sizes given as regular sections are really 
quite diverse enough for all ordinary work, and as they can be bought at 
the bottom market prices, even if a little metal has to be given away some- 
times, it will prove the cheaper policy. 

In flats also there are certain sizes more easily obtainable than others. 
Widths involving J-in. are not liked, whilst even £-in. is to be avoided. 
The most common sizes are 3, 4, 5, 6, 8, 9, 10, 12, 14, 16, and 18 in., 
but the last three are not always so readily obtainable. In channels there 
is not so much choice, except that 4 in. x 2£ in., 5 in. x 2£ in., and 
6 in. x 3 in. are more called for than other sizes. Zeds are not much 
used in British practice, and are always difficult to obtain ; when required, 
a couple of angles put back to back will serve quite as well. Plates are 
always obtainable in all sizes. 

If these few sizes were always borne in mind when designing, very much 
after-worry would be saved. If work is not required in any great hurry, 
there is no need to stick rigorously to them, a week or two longer will 
be no great matter. But if work is urgent and requires pushing through as 
rapidly as possible, contrive those sizes which can be obtained without waiting, 
and then it is reasonable to expect some expedition in completion. Delays 
are not the fault of the girder yard when material cannot be obtained from 
the mills, and it is of small use blaming the British manufacturer for slow 
deliveries when the remedy lies in the hands of the designer. 

4 
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Another point which should be attended to is that the number of sections 
in any girder should be kept at a minimum. Drawings of simple plate 
girders have been seen in which the top main angles were of a different size 
to the bottom ones I — sometimes one may see three or four different sizes of 
stiffeners in the same girder ! Such things as these should never obtain in 
correctly designed work. Main angles and end angles should invariably be 
of the same sizes ; whilst all stiffeners should be alike, except that if a few 
gusseted ones are required, they should have angles the same as the main 
ones. Top and bottom flanges are cheaper when made the same widths and 
generally of the same section. 

In lattice and Linville girders it should be the aim to keep the diagonals 
as much alike as possible. In some types of open-webbed girders under 
certain loadings there may be two or more diagonals having practically the 
same stress, but with perhaps a slight difference. The man who is anxious 
to save weight will out and pare these until he has different sections for each 
one. The man who is anxious to save money will make them all alike and 
sacrifice a few pounds of weight in doing so. Throughout a whole job the 
same sections should be used as far as possible for real economy. Wholesale 
slaughtering of tediously worked out figures is not to be understood as now 
being recommended ; all that is meant is that these points should be under- 
stood, and then as broad a view taken as possible, so that the utmost economy 
can be secured. 

The choice of the lengths for materials (when the span is over 35 or 40 ft.) 

also exercises an influence on costs. Up to those total lengths of girder, 

it is usually best to get main angles and flange plates in one length. If the 

girder is more than 2 ft. in depth it will be advisable to have the web in a 

couple of lengths, with the joint at point of minimum shear. But when 40 ft. 

has been passed joints in flanges and angles also become imperative, and 

their best disposition often gives matter for much thought. If there are any 

connections or cross girders or other work fishing in, it will be best to steer 

clear of them ; they also want placing clear of stiffeners, and angles and plates 

should " break joint " with each other. How to do all this satisfactorily and 

still manage so that the joints occur as near the parts of least stress as 

practicable is no light matter. Too many joints mean more work and greater 

waste of material. Too few mean paying extra for lengths over the ordinary.. 

This latter is a particularly vexatious institution, but it is one that the buyer 

is powerless to alter. If angles, tees, plates, etc., are over a certain length, 

an extra price, generally five shillings per ton, is charged to cover the extra 

labour involved. The regulation lengths, etc., are as under and will serve to 

guide the reader: — 

Angles, 40 to 45 ft. 

Tees, 35 to 40 ft. 

Channels and joists, . 30 to 35 ft. 

Plates, 35 ft. ; up to about 2 ft. wide. 
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Since the point of maximum B.M. is generally near the centre of a 
girder, it is best to keep flange and angle joints well away from here. Since 
also the point of maximum B.M. is generally the point of minimum shear, 
the web joints will do very well near the centre. As a matter of economy, 
all the joints in each tier or ply of flange plates should be brought together, 
allowing, of course, the necessary lap over each for the riveting. As an 
illustration of the saving this method effects, the following supposed case is 
worked out. A flange of six ply (or layers) of plates has to be jointed. The 
plates are 18 in. wide and £-in. thick, and the rivets are l£-in. diameter. 
As the first step, the number of rivets required either side of a joint in one 
plate has to be found. For four rows of rivets, staggered pitch, the nett 
area of one plate will be: £(18 in. - 2 x 1£) = 7| sq. in. The area of one 
rivet is practically 1 sq. in., and this gives eight rivets as the number 
necessary on each side of the joint. The joints would then be arranged as 
in fig. 12 (elevation) and fig. 13 (plan). 

From the above it will be seen that on either side of each joint the cover- 
plate has eight full rivets, so that the strength of each plate is maintained 
throughout. If the pitch of the rivets be 4 in., the total length of the cover 
required for the six joints will be 6 ft. Now if the joints were distributed 
anywhere and separate covers provided for each, there would be six covers 
necessary, each 1 ft. 8 in. long — a total length of 10 ft. The saving made 
by adopting the plans shown in figs. 12 and 13 is obvious. For very long 
girders there might be two, three, or more such joints in a flange, and the 
longer the girder the less attention can be paid to placing the joints at points 
of least stress — they must come where they can ; but in all cases it is 
possible to arrange to bring the majority of the joints together, and so save 
weight in cover-plates. 

When the girder is so long as to require several such cover-plates, there 
is not much economy in making the plates up to the maximum allowable 
lengths — there are other things to think of. In large and heavy girders the 
assembling of the material assumes sometimes rather formidable proportions, 
and very long plates are a nuisance to handle, especially at a great height 
with only one crane available. In some yards one of the first things to be 
noticed when estimating is the lengths of materials ; they may not have room 
enough to handle 40-ft. plates on a girder of 200-ft. span, though they 
could manage that length very well if the girder was only 40 ft. long. 25 to 
30 ft. is about as long as plates should run in large girders. Needless to say, 
whatever their lengths, there must never be a joint without a cover being 
provided. The warning is not without justification, as many draughtsmen 
have an idea that an over plate will act as a cover to an under one. 

Web plates for deep girders should not be in long lengths, as the widths 
make the plates awkward to handle. The question of cost also is an item. 
For webs f-in. to f-in. thick, the average maximum widths rolled without 
extras are 5 ft. to 5 ft. 6 in. ; consequently, if the girder is deeper than this, its 
depth will have to become the length of the plates, and the webs will have to 
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be jointed at the stiffeners. Plates can be rolled up to 7 ft wide and over, 
but. they are dear at their price, and it pays to joint the web frequently rather 
than to employ these large widths. 

Most engineers will know that thick material is not largely used 
structurally. Two £-in. plates are better than one 1-in., and two f -in. than 
one lj-in. The thinner plates are a better quality than the thicker; they 
are closer and more homogeneous ; besides which they are easier to work in 
the girder yard. It is not often that for ordinary work $-in. thick is 
exceeded, either for plates, angles, or tees. Sometimes a f-in. or $-in. plate 
may be used for a web with a very heavy shear and not much chance of 
stiffening adequately, but they are very seldom seen as flange plates. To go 
to the other extreme, it is not wise to employ plates that are too thin. It is 
found by experience that web plates should not be thinner than f-in., unless 
they can be adequately protected from the weather and oxidisation. Many 
cases have recently come to light where thin J-in. webs have completely 
rusted away and the girders been rendered useless. J-in. and ^Vin. webs are 
frequently used for inside work, but they are best tabooed for outside. 
Neither are J-in. flange plates a very great success. They do not rivet so 
well as f-in. do, and are liable to gape slightly between each rivet. Generally, 
it may be reckoned that §-in. is the least thickness which should be used for 
all-round work. For stanchions and struts thin plates are quite useless, 
unless the riveting is very close. If, in order to get a shaft with as large a 
least diameter as possible, thin plates seem the only ones to fit without waste, 
it will be better to abandon the arrangement and try another rather than to 
use them. A good cheap stanchion is not necessarily the one with the least 
weight in it, but the one with the thickest materials for its diameter ; if the 
metal is, say, £-in. thick, the riveting can be 8-in. pitch with safety, and this 
means a great gain, since whatever the cross-section selected the riveting is 
always more awkward than for girder work. 

The advantage of using flats where possible instead of plates is not 
generally appreciated. The market price of the former is always more than 
that of the latter, but the added planing of the plates quite upsets their 
initial advantage. Perhaps the most telling thing in favour of the flats is 
the quicker deliveries possible with them. Although, on the whole, mills can 
supply plates fairly quickly, yet since all plates come from the same rolls, and 
there is no changing to be done for different sections, the orders are taken in 
rotation. Thus when, because of the demand, it is possible to get certain 
sectional sizes very quickly, yet the more demand for plates the longer it 
takes to obtain them. If mills are slack, plates in any quantity can be 
obtained in a few days; if busy, it may be weeks before the accumulated 
orders have been worked through and it is possible to get them. Since flats 
are sectional material, certain sizes are readily obtained, whilst a good order 
can nearly always be got quickly. If flange plates are not too wide — say up 
to 18 in. for British material — flats are preferable to plates. On the average 
they will come at least as quickly as plates from the mills, perhaps a little 
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quicker, whilst the time saved by not having to plane them is often of great 
moment. A bridge yard cannot afford to have more than a certain number 
of planers, and should the planed work in be a little more than the average, 
the machines will soon get behind, and then time is needed before particular 
jobs can be put on. Even if it be possible to put the plates at once on to the 
machines, it takes time to plane a flange of many plates, and this time might 
in most instances most certainly be saved. 

There is another thing — flats will weather better than plates. Planed 
edges invite oxidisation, whilst the rolled skin on the edges of flats is in itself 
a protection. A tier of flange plates viewed at a distance of two feet certainly 
looks neater and more precise when planed ; but if viewed at a distance of a 
dozen feet it is almost impossible to distinguish which is which. How many 
girders or bridges are seen at such close quarters ? The majority of railway 
bridges are never even noticed by the general public, whilst very few 
would know the difference on road bridges. Structural work for buildings 
is seldom in sight, and presents a good opportunity for economies of this 
nature. 

In jointing angles it is necessary to use covers, and these must be " round 
backs," as they are termed, through the outer corner being 
rounded to fit in the inner corner sweep of the main angle, 
as in fig. 14. 

Now, there is no need to insist on these covers being rolled 
as round backs; to do so means an infinity of time and 
patience, as the demand is necessarily so small. The girder 
yard should be allowed to plane them out of larger sizes, or 

JoUitiDg l ugieB. round the 0°™* of a 8tock an 8 le > M thev find ****" S° 

long as the designer gets his required sectional area, he has 

no need to be insistent on the letter of the law. 

Most engineers will recognise the advantage flats have over rounds in 

principal and roof work. The difference is not so very apparent on light work 

of small spans — eye and fork ends can be readily and cheaply stamped for £-in. 

and f -in. rods, but as diameters increase the cost runs up by leaps and bounds. 

Some years ago it was the correct thing to use only rounds for the ties of 

principals, and this work used to average £18 to £20 per ton. To-day, by 

the use of flats, work of the same spans is worth only £10 to £12 per ton. 

Smithwork of all kinds is very expensive, and necessarily so, for it is slow and 

tedious. It is much more graceful looking than flats, and also appears lighter 

perhaps ; but that is all the advantage it possesses. Principals are seldom on 

a level with the eye, and at the height most of them are it is difficult to 

see by which method they are made. If the flats are confined at their 

extremities by bolts such as the rounds are, then their economy is somewhat 

discounted, since they must either be given larger ends or a great deal of 

metal must be sacrificed in their lengths. But if rivets are used, there is very 

little waste, since they may be so arranged that only the diameters of one 

need be taken away to arrive at the effective cross-section. In larger 
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principals they are especially economical. The cost of making a 3-in. end-eye 
or middle is very great, whilst the welding of a 3-in. bar is no light matter. If 
flats are used there is no welding, there is no forging, only a slight increase in 
weight. Often the same width of material can be made to do duty for nearly 
all the members, either by increasing the thickness or the number of parallel 
pieces. The large pins and bolts of a round-rod principal are a very expensive 
item. They must generally be turned and their holes accurately bored, or 
else they are not accounted satisfactory. Rivets are always cheap, and are a 
rigid and excellent fastening. 

One of the absurdities of principal building still lingers : that of providing 
gib and cotter joints, or screw ends as the case may be, so that the bars may 
be properly tightened ! So soon as a principal takes its seating, its ties are 
immediately tensioned, and there is small need for any arrangement for 
drawing tighter. At the same time, if the work has been properly done, there 
should be no need for any adjustment before the principal is set to work. If 
templates have been properly made, each principal is a replica of its fellows, 
each joint and rivet or bolt is in identically the same place. An adjusting 
means is only an apology for bad work, and should not be tolerated. It is an 
added expense, and is at the same time a disadvantage. 

The thickness of the material chosen also counts for much. It is best to 
stick to even eighths where possible — J-in., f-in., £-in., |-in., f-in., J-in., and 
I in., etc., should be the thicknesses ordinarily used. Occasionally it may be 
necessary to employ an intermediate sixteenth, but caution should be used and 
the engineer ought never to be guilty of using thirty-seconds. The puerility 
of using fine differences of thicknesses is seen when it is remembered how 
much latitude is often taken in fixing the working stress. In some members 
of railway bridges, where the unit stress is based on Wbhler's theory and is 
a low figure, it is a temptation to cut as fine as possible, because of the very 
lowness of the stress taken. Yet, were the draughtsman engaged on a steel 
building, and his unit stress was, say, 8 tons per square inch, he would think very 
little of a slight increase of area in a member if it improved matters. But if 
Wohler's theory is worth anything, the 2 tons it may allow is on precisely the 
same footing as the 8 tons of the other case, and there is just as much reason 
for using marketable sizes in the one case as in the other. If a lattice girder 
be taken of an ordinary size — 100 to 150 ft. span — nice calculations would no 
doubt show that minute differences in areas could be made between, say, some 
of the centre diagonals, and it might occur to the draughtsman that he could 
conveniently do this by varying the thicknesses of bars. Of course he could, 
and the results might be that some bars would be £-in. thick and others J| 
(such bridges have been designed ! ) ; and by this means perhaps 2 lbs. of 
material has been saved on the bar, and the draughtsman prides himself on 
his " mathematically correct results " ! Such refinements do but cause the 
practical man amusement, tempered with annoyance that any man should 
be so dense as to catch at a sprat and miss the whale. The use of fine 
thicknesses does but prevent the ready obtaining of material, besides giving 
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the yard untold trouble in sorting and placing. Any labourer can tell the 
difference between a j-in. and a J-in. bar, but it takes a good man to detect a 
thirty-second difference in mild steel, even if you give him calipers to use. 
The buyer has to pay for all vagaries of this kind. In estimating, it is known 
which designs will give the most trouble as well as the most work to the yard, 
and they are priced accordingly. 



CHAPTER VIII. 

THE DRAWINGS — (6) FINISH, 

Wb have now to discuss what is, perhaps, next to the specification, the most 
important fact in determining costs. Properly speaking, finish belongs to 
both drawings and specification, and cannot really be classed as belonging 
solely to either one or the other ; but since the drawings do, at all events, 
illustrate many types, it will be convenient to say something about it here. 
It is all the more important that the true relative position of finish to costs 
should be understood, since its bearing is not quite so obvious as is the 
difference between 4-in. and 6-iu. pitch of rivets, or the several sizes of 
material. When a man has never had to actually do any given work himself, 
he cannot be expected to form an accurate opinion of its work. He has no 
knowledge to aid him in an estimate, and he is just as likely to choose th& 
more difficult work as being the easier, as he is to make the right choice. 
More probable still, he will be apt to forget that there may be any differences 
at all, or that it matters which way any work is done. 

The latter, at all events, seems the only explanation of the prevailing 
attitude of the designer. At the present time practically only two styles of 
work are recognised by him — the plain and the ornamental. The first is 
understood to be utilitarian work pure and simple, and the latter a flowery 
treatment or overlay of the first. Beyond these two distinctions few men 
seem to go today, and the matter is one for great regret, since not only has 
it cramped our trade and stereotyped our plans, but has directly led to the 
capture of many markets by our competitors. It is rather strange how 
the Britisher clings to old traditions of work, despite the changing times. 
It can hardly be because he wilfully shuts his eyes to what is going on 
around him ; he is not really stupidly obstinate, rather must it be that it is 
a lack of thought, a want of reflection, and because no one has drawn his 
attention to the real cause of it hitherto. He has been looking at other 
things ; has been suspecting the British workman of degeneracy and blaming 
the British manufacturer for want of enterprise, never dreaming that the 
matter really lay much nearer home. Let our designs be altered — not in 
principles, but in details — and our specifications recast in a more rational 
manner, and then it will be time to blame the manufacturer and his men if 
we still lag behind. 

67 
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The amount of "ornamental" structural work which comes through annually 
is a negligible quantity as compared with the mass of purely utilitarian. 
There is a certain quantity which is primarily the latter and is supposed to 
be shorn of some of its crudities, but even this is as nothing compared with 
the steelwork which is made for a purely commercial object. Most men 
know that when they begin to " ornament " they also begin to spend money ; 
but few appreciate the fact that nearly as much money can be literally wasted 
on work which is frankly commercial in conception and does not in any way 
pretend to partake of the ornamental. The difference in value on such work 
may be as much as four or five pounds per ton, due solely to the " finish " 
which has to be put upon it. This is a broad statement and these are telling 
figures, but it is within the author's knowledge that the amounts stated are 
far below the actual figured differences on work let within three years of the 
date of writing. 

In an earlier chapter it was laid down that the designer's duty was to 
utilise the money placed at his disposal to its utmost advantage, whether the 
work was plain or florid in character. If for a strictly commercial object, 
then not a single pound was to be spent which would not directly earn 
dividends. If this be so, then one of the first questions which confronts him 
will be, how far is he to go in exacting " finish " on any particular work. By 
" finish " is meant the practice of making the work agreeable to the eye in 
addition to fulfilling the demands of stress and strain. 

One of the first axioms for cheap work (cheap only in the sense of not 
costly) is to do away with all superfluities. Everything not absolutely 
essential to the stability or safety of the structure should be rigorously 
excluded, and only those things included which play a vital part in the design. 
The next axiom should be that what is deemed essential should be constructed 
and arranged in the simplest and most direct manner known. 

It will be convenient to mention several practices which do not conform to 
either of the above enunciations, and which have therefore in the past done 
(and are still doing) harm to British trade by unduly handicapping it against 
the foreigner who has been wide awake enough to steer clear of the pitfalls 
himself. 

On certain standard drawings now and for some time past in use, the 
diagonals of lattice girders fit snugly into the roots and along the 
flange of the main girder angles, and the specification makes special 
mention that this must be so, stating that the ends must be "filed and 
chipped " so as to be a perfect fit. In the first place, what special purpose 
does this " perfect fitting " serve, and why is it preferable to cutting the 
diagonals off just proud of the root of the angle? Figs. 15 and 16 show 
both ways. 

So far as can be judged, there is no theoretical advantage gained by fig. 15 
over fig. 16. The extra £-in. of length is not required for the riveting — the 
main angles being 4 J in. x 4£ in. give plenty of room without this. The 
rivets are in all cases carefully proportioned to take the tensile or compressive 
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stresses sustained by each bar, so that even the struts do not need the support 
of the angles at their extremities. The fact of the bars well hutting on the 
angles does not help in any way against racking, nor does it stiffen the girder 
in any respect. Does it really look any better, even 1 Could the difference be 
detected at a distance of five yards 1 On the average, taking one size with 
another, it costs sixpence per end to properly dress into the angles, over and 
above the cost as in fig. 16. That is one shilling per bar. Do these shillings 
help the girder in any wayl Will they make it stronger, safer, lighter or 
add a single day to its life? Will they save a single rivet or a pound of 
weight in any member 1 The engineer does not exist who would venture to 




Flo. 15. — Diagonals of girders {wasteful method). 



Fio. 16. — Diagonale of girder* (economical method). 

disturb his calculations in any way because he had specified such "engine- 
work " fitting for his girders. Yet these are the questions which should be 
asked regarding every stipulation of this nature. These girders are for solely 
a commercial object. Their whole business will be to aid in the expansion of 
trade, and yet they are handicapped by an unnecessary amount of capital 
being spent on their production. Another well-known specification insists 
on diagonals being cut J-iu. proud of the angle flange, but to be well chipped 
and filed into the root of the angle. Whether fig. 15 does or does not give 
any advantage, certainly this last course, which is midway between 15 and 16, 
loses it and still falls short of the gain in 16. It has all the failings of 15 and 
just loses the advantages of 16. There exists absolutely no good reason why 
fig. 16 should not be adopted, and the ends of the diagonals left in the con- 
dition in which they come from the cold saw. 
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Chipping and tiling is often required ou the ends of kneed stiffeners, as in 
fig. IT. The slight marks left by the cold saw are objected to, and the ends 
must be smoothed and made perfectly flush with the flange plates. The 
corner that is nipped off must be dressed and filed up until it might be 
thought that a sliding contact surface was being made. Each end done tikis 




Flu. 17.— Finishing of knetd atiffanera, 

way will cost sixpence to ninepence, according to size ; and then when the 
girder is finally perched in tbe air, it will only be the birds that will know 
about it ! The edges of the stiffener should come flush with the plate anyway, 
because it costs no more to do this with proper tools than it does to have them 
either projecting or a little proud ; but a saw finish is clean, and if the corner 
must be taken off, tbe shears will do it very satisfactorily, and there is no 
need to do more so far as honest work is concerned. 

Often cleat connections are shown on drawings to follow the contour of the 
joists they are fastening. Fig. 18 will illustrate. It is bard to say what tbe 
precise idea is. It cannot be that with the flanges butting perfectly on to 




Flo. 19.— Cleat connection! 
(economical method). 

the cleats, the latter are meant to carry the load this way ; because sufficient 
rivets are put through the web to properly transmit loads. Then what good 
purpose does it serve, and why is it better than tbe method shown in fig. 19 1 
There are just as many rivets got in, and yet the cost of the cleats in fig. 18 
will be more than double those in fig. 19, without the slightest advantage 
being gained. This same principle can be applied to numerous other cases 
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where every precaution is taken to ensure proper strength in one direction, 
and then apparently neglected in favour of, or rather supplemented by, 
additional complications. 

Another thing often done is to show the angles of rail-bearers and small 
cross girders returned at the ends to form end angles (see fig. 20). It looks 
rather a neat idea to do this, and there does not seem any objection to it. 
Neither is there, except on the score of expense. Frequently these angles do 
not lend themselves to " press work " — especially if there be only a few of them 
required and the whole has to be done by hand. There are two knees and 
two joggles to each angle, the latter being both ways. Compare this now 
with fig. 21. Here there are only two joggles in one bar, the rest being 
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Fig. 20. — End angles of rail-bearers (wasteful method). 




Fio. 21. — End angles of rail-bearers (economical method). 

perfectly straight. Yet fig. 21 is just as efficient a job as fig. 20, and is 
anything from half a crown to ten shillings cheaper in workmanship alone. 

It should be remembered that all curved lines are expensive in structural 
steelwork — concave more so than convex. The only way in which the girder 
yard can produce these is to use the punch or shears and then hand-dress — a 
tedious operation. It is a very common thing for connecting plates, as in 
figs. 22 and 23, to be shown with curved sides, the draughtsman never 
realising that he is in any way adding to the cost of the work. Yet the first 
will be from threepence to a shilling, and the second anything from a shilling 
to three shillings more than if all the lines were straight and simply sheared. 
The girder yard does not possess any patent tool which can turn these plates 
out to any desired outline irrespective of cost. They all have to be laboriously 
chipped and filed by hand. 

Many draughtsmen delight in the hogback or the fish-bellied girder, or one 
with rounded ends. Figs. 24, 25, and 26 illustrate them respectively in 
outline. They are generally supposed to look a little better than the plain rect- 
angular girder ; besides, they are reputedly more scientific. Are they ? If it is 



62 



CONSTRUCTIONAL STEELWORK. 



scientific to spend as much money as possible, then they are so ; if, however, 
it is scientific to carry the greatest load at the least expenditure, then they 




Fig. 22. —Connecting plates (wasteful method). 

are decidedly not so. The labour costs on figs. 24 and 25 are usually fifteen 
shillings to a pound more per ton than if they were rectangular ; and on fig. 26 



I 




Fig. 28. — Connecting plates (wasteful method). 



about ten shillings per ton more. The few cases where circumstances demand, 
for good reasons, any one of these types are few and far between ; they are 
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most usually adopted at the draughtsman's whim without the slightest 
thought to the money which would have to be paid for them. Designing 
steelwork is not child's play ; there is not room for such irresponsible decisions ; 
neither is it a field for the unrestricted gambols of theory. Practice must be 
the arbiter, and theory and play must both give way to its teachings, or waste- 
fulness is bound to result. 

Many open-webbed girders are often shown with a curved-top boom, and 
the remarks just made apply equally well to these. Of course, when the curve 
constitutes a distinct type, as in bowstring girders, exception cannot be taken. 
It is to what should be rectangular girders which are " beautified " by curves 
that what is said applies. Linville girders have often been made with curved- 
top booms, and the cost has been met without, perhaps, the slightest inkling 
that a little less foolishness would have considerably lessened the bill. 




Fio. 24.— Hogback girder. 




Fio. 25.— Fish-bellied girder. 
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Fig. 26. — Round-ended girder. 



It would be possible to illustrate numberless other of these special fads 
which have grown up and fastened on to our steel trade, like so many leeches ; 
but no good purpose would be served thereby. Enough has been said to 
show that any deviation, however small, from what is necessary only 
augments the bill to be paid, without giving any real benefit in return. 
Every little joggle, every knee, every curve, every rivet beyond what is 
necessary or advisable, is so much sheer waste of good money — a squandering 
of what might be so usefully spent elsewhere. The draughtsman should be 
continually on the alert to watch that he has not unconsciously gone a little 
way further round than he need have done in accomplishing any object. A 
knee costs more than a joggle, and a square knee or bend as much as both 
put together. It is a very safe axiom to beware of the fire ; any operation 
which depends on fire and heat is bound to be expensive, and consequently 
to be avoided as much as possible. A certain amount of smith work 
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ia necessary for almost any work; the practical man eliminates as much 
as possible, and his skill will be evidenced in direct proportion to the 
results. 

A point about which there has been much controversy is that of drilling 
versus punching rivet and other holes. Much has been written on the 
subject, and it has been conclusively demonstrated that, should punching in 
any way damage a plate or other material, the damaged part does not extend 
beyond an J-in. into the plate beyond the edge of the hole made. Thus, if 
a hole be punched J-in. in diameter and then reamed out to |-in. diameter, 
the whole of the damaged portion will be removed by the reaming operation, 
and the resultant hole and the material around will be in exactly the same 
state as though it had been drilled through the solid at first. 

Punched work is in disrepute in Great Britain. Few engineers will now 
tolerate it, although at one time it was the only method used in metal work. 
In this country everything must be drilled or punched and reamed, yet 
across the water the condition of things is entirely reversed. In the United 
States there is very little work which is drilled, and controversy as to 
whether their practice is right or wrong is practically unknown. There the 
whole question the designer sets himself to settle is how to " get there " in 
the quickest and cheapest way. At the same time he is not to be surpassed 
for his skill in designing ; on the whole, he uses more figures and calculates 
to a greater degree of nicety than we do ourselves ; he is just as tender of 
the moment of inertia, the radius of gyration, the section modulus, and all 
the other latest refinements of mathematical lore — indeed, he is responsible 
for some of them ; he is in the habit of facing and solving greater difficulties 
on the average than engineers of any other nationality; his spans are 
greater, his depths deeper, and his heights higher than the usual — yet he 
still punches his materials. On some pettifogging span of 20 ft. a British 
engineer will have a specification pages long, insisting, amongst other things, 
on "all rivet-holes being drilled from the solid." An American will make 
and confidently put up an Atbara Bridge with a specification of only a few 
clauses, and no mention whatever of any other method for making rivet-holes 
but punching ! 

Drilling from the solid with present tools and appliances is a wearisome 
job. Whether the mechanical engineer will ever make the process com- 
mercially possible or not is a question. Just now it is too tedious to be 
really within the range of practical work. Certainly it is often enough 
specified — it is very seldom done, however. If insisted upon, it does not take 
the engineer long to realise that, if his job is at all large, he will have to 
wait a very long time for it; and it is soon tacitly agreed that punching 
small and reaming to size will do just as well. The number of holes in a 
moderate-sized girder which have to be put in the material is enormous, and 
time is necessary — whatever the method — to get them all in. Even punch- 
ing is slow, but it is still incomparably the fastest ; punching and reaming 
stand next; whilst solid drilling stands quite in a class by itself. As a 
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rough-and-ready comparison it might be stated that the comparative rates 
are about as 1 : 2 : 3. 

It is due to the theoretical man that punching is out of favour. The 
author does not know of any authentic indisputable records of tests which 
will prove that built girders with punched holes are weaker than similar 
ones with drilled holes. Inferences are, perhaps, to that effect, but mere 
inferences prove nothing. The weakened area by punching is very small 
given an average pitch, and is certainly of no account wherever there are 
compressive stresses. It is questionable also whether with good hydraulic 
riveting there is much difference in tensile members. Let it be allowed, 
for the sake of argument, that there may be a slight disadvantage, what is 
there to hinder a slight additional area being put in to make up for this ? 
That is virtually what the American does. He reckons his f-in. rivets as 
though they were in f-in. holes, his f-in. as though in 1-in. holes, etc., and is 
quite satisfied that he has taken all precautions prudence demands. What 
is the difference in area between J-in. and f-in.? The one is '4417 and the 
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Fig. 27. — Holes before reaming. 



Fio. 28.— Holes after reaming. 



other '6013 sq. in. If the flange is on the average 2 \ in. thick, with four 
rows of rivets so placed that only two come abreast, the addition of '798 
sq. in. to the sectional area would have the effect of meeting and providing for 
any weakening when f-in. rivets are used. If the girder be 40 ft. long, this 
would mean an addition of less than 2 cwts. ; or taking steel at £6 per ton, 
of about twelve shillings to the cost of the metal. The difference between 
punching and reaming on such a girder would probably be between £2 and 
£% 10s. ! 

For large and important work, where it is necessary to reduce the dead 
load to the smallest proportions, it will be an advantage to punch and reamer 
to size ; but for the thousands of tons of small work made annually — small 
bridges, small girders, stanchions, and steelwork for buildings, etc. — there 
exists no good reason against the practice of punching. 

One fault which punched work used to have — that of bad holes — is 
eliminated by modern methods. Fifteen and twenty years ago it was no 
uncommon thing to see odd holes through several thicknesses with perhaps 
half or more of their area covered by some intermediate plate through which 
the hole had been carelessly punched out of centre. When this happened a 
reamer or drill was put through, and the hole cleared out so that it would 
admit its rivet. Before reaming, the hole would appear as fig. 27 ; after the 

5 
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operation, as in fig. 28. This certainly helped to give punching a bad name, 
since it appears on the face of it as though the rivet through fig. 28 could 
not be doing half the work it ought to, and that it was receiving very unfair 
treatment from some of the plates. Although it is doubtful whether the 
contention could be substantiated, since in theory no account whatever is 
taken of the frictional value of the contact of the plates, yet it is not good 
work ; and since good work can be done at the same price, there is no reason 
why anything but good work should be tolerated. 

In those days flange and other plates were mostly marked out from tem- 
plates by means of small tubes the same diameter as the rivet holes. The 
tube-end was dipped into a mixture of pipeclay or whiting and water, and 
on being passed through the holes in the template and pressed on the 
plate, left there its impress — a white circle. This served to mark the 
position of the hole to be punched, and at the machine the puncher (operator) 
guided the plate under the punch as accurately as he could. These men got 
very expert at their work, and it was remarkable how little they deviated 
from the right position, though virtually they only guessed at it every time. 
Still, some errors were bound to happen, and if an unskilled man had to be 
put to the machine for any reason, the results were not exactly happy. 

This is now changed in favour of " nipple "-punching. Here the positions 
of the holes are accurately determined from the templates by centre-punching 

by hand, and in some works boys are employed to use 
the old tube and whiting method to surround these 
punched dots with circles so that the puncher may 
readily find them. The punch on the machine has a 
small nipple in its centre, as in fig. 29, and this nipple 
finds the centre mark on the plate, the hole thus 
being bound to be correctly centred. The method 
N . 1G * """, is really old and is of British origin, though it is 

popularly supposed to be American and of compara- 
tively recent importation. 

Good punched work should be so accurate and well put together that a 
mandril ^V~in. less than the diameter of the holes should pass freely through 
them. It is not only possible to get this, but it is commercially practicable ; 
so much so, that engineers are perfectly warranted in specifying it, and works 
everywhere will readily accept it. 

In riveting this class of work the rivet should be upset in its entire 
length so as to completely fill the several holes, and a good solid job is then 
assured and one about which there is no need to fear. If engineers reverted 
to this plan of specifying work they would be surprised at the difference it 
made to their prices. On some work punching is cheaper than reaming by 
twenty to thirty shillings per ton, and these are figures which tell heavily 
in even a moderate-sized job. With proper precautions there exists no 
good reason for the present boycott of this method for a good half of the 
work turned out annually. Where many plates come together, as in heavy 
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flanges, there may perhaps be a greater show of reason for the reaming process ; 
but where only three or four thicknesses have to be fastened, punching is 
quite equal to the work. For drilling through the solid no good word can be 
said from the practical standpoint. It is admittedly the ideal method, but it 
is not yet within the range of commercial structural engineering. 

Reverting again to the broad definition of finish, and considering first the 
unseen work, the unobtrusive useful foundation upon which the completed 
structure has to be erected, or the skeleton giving stability and solidity to 
its walls or floors, it may very pertinently be asked, What justification is 
there here for " finish " ? There is nothing to delight the eye, for nothing is 
ever seen once it gets into position. No one can quarrel with its appearance 
or take exception to its outlines, yet in some structures many thousands of 
pounds are buried in finish, and money has been freely spent which never will 
and never can benefit anyone. Of what use is planing, chipping, filing, and 
dressing in such work ; what interest will it pay and how much longer will 
it make the structure last ? Some time ago our best-known railway company 
was very pushed for some warehouse work — the room and accommodation was 
badly needed, and orders were issued to push the work through without 
delay. There were some 2000 tons of heavy box girders in the basement — 
each with five and six ply of flange plates. They were plain, straightforward 
work, and could be turned out at a great rate, the only hindrance being the 
vast amount of planing to be done. All girders were specified to have flange 
edges planed and to be neatly dressed all over. The planing machines 
became congested, and, after some argument, the engineer was induced to 
dispense with planing and dressing, the work to be otherwise of exactly the 
same standard. The immediate consequence was that heavy deliveries were 
possible, and the huge warehouse was erected in record time. The manu- 
facturers agreed not to charge by the actual weight put in, but on calculated 
weights to the finished drawing dimensions. Of course, many tons more of 
material were put in than were ever paid for under this arrangement ; but the 
compact suited both parties, since the one got what it wanted — quick delivery, 
and the other got a huge turnover, but with a diminished scrap-heap. The 
girders were out of sight when erected — they have never seen daylight since. 
Is there anyone bold enough to say that they are a pin the worse for not 
being carried out according to the original specification? On work of this 
class much lower prices can be secured by dispensing with finish of this 
nature. So long as the job is thoroughly sound work its appearance matters 
nothing, and it is real folly to ask more than this. Makers will always be 
glad to quote lower prices and to only charge on calculated weights ; since, 
though they lose the scrap, yet the planing time is saved, and money can be 
thus turned over very much quicker. All boxed or covered-in work of every 
description can be treated in this way. There is no need to do anything but 
shear the edges of plates, gussets, brackets, and angles ; straight lines should 
be everywhere, and the only thing to be insisted upon is good, in the sense 
of honest, workmanship. 
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There is, however, much work which, though in view, is akin to that 
which is covered up, in that it is too far away to be distinctly seen — it is only 
the broad outlines which meet the sight, the details being obsoured by the 
distance. High roofs (either in public halls or over station platforms), 
railway over-bridges or viaducts, aqueducts, and bridgework for new and only 
recently explored territories may be mentioned as typical instances. Often 
in such work the most careful filing and dressing has been tucked away and 
no one is a penny the wiser — but the shareholders are so many pounds 
poorer. If the provision of this minute fitter's work helped towards the 
stability or life of the structure, then there would be good reason for its 
inclusion. But it does no such thing ; it does not help in the slightest in any 
useful direction ; it is just so much waste, since its presence can be neither 
seen nor felt. True, the designer knows that he spent pounds ou planing 
and dressing and tinkering, and that it is a "good job," as commonly 
understood, and one which "will not disgrace him," but it is more than 
probable that he is the only satisfied party in the whole transaction. 

Now, there are sheared surfaces and sheared surfaces ; there is good work 
and bad and slovenly work. It must not be imagined that in advocating the 
least expensive work shoddy work is meant. Nothing is further from the 
point. It is possible — commercially possible — to shear edges in a very fairly 
straight line, one free from kinks and insets of the blades, and one with a 
perfectly cleanly cut edge throughout. It is this type of shearing which is 
meant. The usual margin given by the manufacturer to the mills for plates 
is £-in. all round. Thus if a flange plate should plane nett at 30 ft. 
long by 16 in. wide, it is ordered as 30 ft. 0J in. long by 16 J in. wide. If 
the mills send the material in weighing more than 2£ per cent, than it should 
do, calculated to the last-named dimensions, whether by exceeding the 
specified thickness or breadth or length, they lose the extra weight sent, this 
being the only margin allowed. Material sent in under size is returned and 
not paid for. This evidences how closely mill shearing can work, and it is a 
fact that in a flange of six to eight ply of plates put together in a good yard, 
it is impossible to say whether planing has been done or not at twenty feet 
and less away. The matter is different when foreign plates are used. These 
vary in widths sometimes as much as three inches, and it is impossible to 
use chem without reshearing or a large amount of planing. 

It might be objected that sheared edges would be difficult to paint and so 
preserved against oxidisation. . If the shearing was ragged this would be so ; 
but just as scabbed plates would not be allowed, neither would ragged shearing. 
In practice it is not found that well-sheared edges are difficult to properly 
protect. They take a little longer to paint, it is true, but they have no other 
drawback. Neither do they need repainting more often than the rest of the 
structure. So far as maintenance goes they are equally as long-lived as 
the neatest of planed .edges. For all practical and theoretical reasons 
" fine finish " is not an essential either to honesty of manufacture or service 
when in use. 
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Taking, next, work which is essentially utilitarian and yet in full view of 
the passer-by, such as road-bridges, foot-bridges, columns and low roofwork for 
stations, piers, landing-stages and the like, the question as to the degree of 
finish advisable broadens somewhat. According to our insular notions, nothing 
should be looked upon unless it has an engine finish. This is not commerce, 
however, and the day is not far distant when our bridge designers will have to 
recognise, in common with the makers of agricultural implements, that just 
as well-cast toothed wheels are good enough for a mowing machine, so rolled 
sections and machine-made rivets are good enough for ordinary structural re- 
quirements. Hard facts and the stress of competition have generally obtained 
the whip-hand in the past — they are good taskmasters. 

However, to meet the prejudice of the day, let us consider the essentials 
for this class of work. The first is most certainly that calling the work into 
being — the needs of trade. Money is to be ventured and money must earn 
dividends regularly ; therefore capital must be conserved and no waste take 
place. The mere structural requirements of strength are to be first complied 
with, and then the disposition and selection of the metal so arranged as to give 
the maximum degree of required finish at the minimum of extra cost. Take 
the case of railway station roofing supported on stanchions. The shareholders 
will be content with bare necessaries; the passengers will be attracted by 
appearance — to an extent. Just how ornate the character of the work is to 
be the directors must decide. Let it be a busy place in an important centre, 
then, according to present standards, the designer will be justified in asking 
for all edges to be planed, all f razes neatly removed, rivet-heads properly 
dressed, clean work throughout, etc. All work in view, at any rate, must be 
up to the accepted standards of good (apparently) workmanship. There must 
be no protruding edges of stiffeners, and gussets, joints, and butts of every 
description must be perfect and regular. It is, however, incumbent to see 
that the form in which the work is made is of the cheapest, so that the 
requirements just enumerated may not be too heavily drawn upon. Lattice- 
work stanchions will cost more than solid ones. Roof girders with curved 
booms will be more expensive than with straight ones. Curved brackets, 
connecting plates, and stiffeners cannot be. put up for the cost of straight 
ones. Flats do not require planing, flat bar-ties are cheaper than round ones, 
riveted principals cost less than bolted ones, angles are the cheapest sectional 
material which can be bought, tees the dearest, hand-riveting should be 
avoided, awkward sections for riveting should not be used, and all the means 
at command which will tend to reduce costs, save that of sacrificing finish, 
should be employed. Although it should be attractive, a railway station is 
not a hotel, and ornamentation of structural work will not earn dividends. 
The appearance of York Station is admittedly very fine, and it contains some 
good specimens of what cast-iron is capable of ; it is a thorough credit to its 
designers and builders in every sense, and is often pointed to as the model of 
what a good station should be. But is it strictly so? If it had cost £50,000 
less, would it have earned less money or been of less service to the railway 
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company? The whole of its present proportions could have been kept, and 

yet it might have been so put up as to have saved 
£2500 annually in interest for shareholders. It is 
of no use nowadays expecting the public to patronise 
barn-like places or to condone glaring architectural 
faults; that is well known. But there is all the 
difference in the world between providing good, 
clean, airy, light accommodation in keeping with 

Hthe canons of taste, unobtrusive in appearance, but 
giving a sense of space and cleanliness, and in 
overlaying all this with florid ornamentation and 
specimens of work to the glory of the designer and 
builder. The latter is apt to have so much style 
about it, and to have so many corners and ex- 
crescences that it is well-nigh impossible to keep it 
clean; and financial considerations prevent a coat 
of paint too often. The former is plain but dignified, 
is clean and will keep clean, and has not so much 
about it but that requisite painting can be done at 
the proper intervals. Plenty of light, plenty of 
space, and plenty of paint are what the modern 
railway station requires. 

There is one form of work which is particularly 
objectionable to the maker — that of making solid 
web girders and then piercing the web into fancy 
patterns. Fig. 30 will illustrate the point. There 
is nothing good which can be said of this type. It 
is neither pretty, ornamental, nor useful. Add to 
this that it increases the cost enormously, and a 
little of its puerilities will be understood. If the 
holes are too large to be punched at one operation, 
it means nipple-punching round the edges and then 
hand-dressing with chisel and file. According to the 
weight of the work it will bring up the cost from 
two to five or six pounds per ton in itself. A 
desire to lighten effects is probably the motive for 
it use — it admirably succeeds in lightening pockets. 

Another practice which may be instanced here is 
that of placing rosettes or stars at the junction of 
bracings or girder diagonals, or distributing them 
wholesale wherever there seems a clear spot. Such 
devices are not worthy of engineering, and they 
are but mentioned to be condemned. Fortunately, 
both these and the piercing mania are apparently dying out. 

The keynote, then, to success with work which is commercial and well in 
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sight is " keep down the costs by attention to the form and design of the 
work." A requisite degree of finish is considered necessary, but it should be 
of the type outlined at the commencement of this chapter — a reasonable 
degree, suited to the facilities of the manufacturer, and that can be effected 
without ruinous outlay or even any very great augmentation of costs. 

Now we come to feature work, or those designs which in themselves challenge 
the attention, and are obviously meant to invite criticism or praise because of 
their form or beauty. Great public works or monuments, exposed steelwork 
in sumptuous buildings, memorial bridges, or indeed any work in which the 
designer has been given a free hand to indulge his fancies, and where money 
is but of secondary account. It is in work of this nature that the stickler 
for finish should find a congenial vocation. By all means file and chip and 
polish and make a mirror surface if that is part of the design. Take no 
account of the wastefulness of curved lines or round rods, or of the com- 
parative costs of plates and channels and angles; never mind about the 
quarrels of punching and drilling, and be altogether superior to questions of 
rivet and stiflener economy. Run the chance for all it is worth, and indulge 
in every whim which can be conceived. If money be of no account, then raise 
such a monument as shall bear witness to the designer's merits so long as 
one piece shall hang to another. 

There is one thing, however, which will probably detract, after all, from the 
pleasure such work gives — mild steel is not inherently beautiful, and its 
rolled shapes are bound to vex an artistic soul. Most probably in the end 
it will be found that most, if not all, of it in the design is covered up and 
hidden from view in favour of a more artistic material. How are the mighty 
fallen ! the strength-giving ribs, the foundation of the fabric — all alike are 
banished from sight, and possibly squeezed to allow even more to be devoted 
to outside embellishment. 

It would be infinitely better to recognise that there is no beauty in the 
material itself. It is not like cast-iron, it cannot be moulded into any form ; it 
is not like wrought-iron; it does not take kindly to much tinkering. It is just 
itself, a personification of strength, but lacking in every grace. It has a dignity 
of its own, a consciousness of power ; but of prettiness, nothing. Beauty of 
outline it may have imparted to it, but only at the surrender of its virtue — 
strength ; beauty of detail, it is impossible to endow it with. It is essentially 
a commercial product, and it cannot be purged of the taint of its origin ; it was 
made for everyday use and it is not practicable to exalt it to a superior station. 

Severity of outline accords with its dignity, because it follows natural laws. 
Outside of the straight line and the arch it is out of place and not in keeping 
with itself. It is the medium of usefulness and service, and not of ornament. 
So soon as the engineer and designer sees this clearly, so soon will he have done 
with attempts at the impossible either in design or workmanship. It is too noble 
a metal for the debased uses to which it is so frequently put, and its nobility lies 
in service for which it is pre-eminently and entirely adapted. It is absolutely 
utilitarian to the last molecule, and nothing will ever render it anything else. 



CHAPTER IX. 

INSPECTION — I. 

It is not everybody who can make an inspector. Most men think they can 
do it well — until they try ; then a few are honest enough to admit they are 
not cut out for it ; others burke the question and try something else. The 
very few stick to it mainly because they cannot get anything else to do. It 
is not one man in a thousand to whom the work is congenial and who adopts 
it because he likes it and is successful. 

The position of an inspector of work and materials is one of the most 
equivocal ones it is possible to find. He must either be of brass, inflexible 
and unswerving, or of that calm judicial temperament which, while able to 
take a comprehensive and unprejudiced view, is capable of enforcing its 
deductions without regard to anything beyond its own conclusions. The man 
who hesitates, the nervous, highly sensitive, or impulsive man, no matter how 
highly principled and desirous of doing the right he may be, will never make 
a good inspector. Just as the lazy, happy-go-lucky, or unprincipled man is 
not fit to represent his employer's interests, neither is the man who is timid 
and retiring, however capable he may be. An inspector has to meet a great 
variety of men, most of them experts in their trade, for the purpose of 
judging their work ; and there is much latent hostility to criticism in all 
human nature. It needs an even temperament to get on with men who 
plainly regard one as a necessary nuisance, and often untold patience has to 
be exercised. There is no middle course : either no rebuffs of whatever 
nature must take effect, or the disposition must be so well balanced that 
suspicion and opposition are at once disarmed. Of the men doing inspection 
to-day, the vast majority are of the first category ; it is the very few only who 
can be classed in the second. 

It should be at once said, and said plainly, that the inspector must have 
served his time in the shops. The office-bred man never yet made an efficient 
inspector ; he is too heavily handicapped by that which he does not know, 
and which is only to be learnt as a man in the shops — the freemasonry of 
labour. He does not know what should and what should not be looked at ; 
he has not the workman's view, the workman's standpoint, but is continually 
treading where he should not, and overlooking or passing by that which is 
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vital. Books never yet taught handicraft ; they may guide it and direct it, 
or suggest and point out, but they cannot make the mechanic's hand, or 
endow it with its intuitive skill. Mere reading, mere study, however 
thoroughly entered upon and pursued, cannot make up for the loss of practice ; 
neither can years of office work impart as much as one month of the shops. 
It is only intimate personal acquaintance with the methods of work which can 
give authority to expressed wishes or opinions. The amateur is always known 
in the shops. He cannot hide his obvious rawness. He has an air of 
unfamiliarity which he cannot shake off, however hard he may try — his very 
walk will betray him. 

The whole effect of this upon the journeyman is not hard to forecast. 
Every word uttered by the inspector is heard with suspicion ; his blame is 
discounted, whilst any praise is received superciliously. What he has to say 
carries no authority so far as his opinions go, and is only listened to because of 
the power behind it. No workman takes kindly to blame for his work even 
when expressed by his acknowledged master, whilst an amateur's criticism 
only provokes his scorn. The timid, uncertain man can be badgered or 
talked into anything ; he will give way in the end through sheer weariness. 
The man whom nothing can hurt, who lias no feelings to be wounded or 
susceptibilities to be trodden on, can pursue his own path despite everything. 
True, his ways are as often wrong as right, but so long as he has faith in 
himself he will get what he thinks he wants, either in work or in kind. No 
man will be so deceived or so flattered ; and he will pass more bad work than 
any other type, for the workman or foreman will strive to take him in — they 
thus get " some of their own back," to use their own phrase. 

To be successful in inspection it is imperative that a man know his 
business thoroughly. He must have the journeyman's knowledge with the 
master's power of putting himself outside the work and judging it with a 
complete understanding of all the facts, tempered by a very certain notion of 
the standard which can and must be attained. A man may have the faculty 
of observation developed very highly, and if he has once seen a thing never 
forget it; but unless he knows work from the toiler's view, he cannot be 
capable of forming just opinions on the facts before him ; he can but compare 
the present with the past, and as no present is exactly like any past, he is at 
a loss to know how to deal with the difference. An office-bred man may act 
as an inspector for years, but he will never, unless he actually comes to the 
bench or the floor, be able to hold a candle to the man who knows work 
intuitively. He may be boldly sure of himself and his own judgments, or 
uncertain because of his consciousness of shortcomings ; in either case he will 
not get the work his employer desires ; he does not know how. 

Neither is the wholly practical man always a success in this capacity. 
He is bound to be better than the purely theoretical man, but often his 
education has not fitted him to meet on an equality men reared in more 
prosperous circumstances. It needs a very level head indeed not to be turned 
with the flattering attentions paid when the manufacturer or manager thinks 
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he knows his man. If either adulation or contempt is likely to effect the 
desired purpose, the inspector will not lack for either. Not only this, but the 
purely practical man can only see with the works' eyes and the workman's 
imagination, and must fail to take the broader view necessary to the buyer. 
The man who makes anything lives in altogether a different world with regard 
to his work than does the man who buys his wares. Each can only see his 
own end of the matter, and fails altogether to appreciate the other's motives. 
The inspector, in order to do justice to both, must take an equal appreciation 
of the standpoints of both, or his decisions are bound to be unsatisfactory to 
all, besides being without the elements of common fairness. A successful 
inspector must have the minutiae of the works at his finger-ends and the 
wisdom of the world in his head. His thorough integrity must be without 
question. 

The essentials of inspectorship are not generally understood or appreciated 
by those responsible for its employment. It certainly seems a very simple 
thing to send a man to look at a girder, a column, or a bridge, or to post him 
for a time to watch their manufacture. On the face of it, it is easy work, and 
why should the best man that can be found be paid a high rate for it ? It is 
much cheaper to send a low-money man to idle his time away ! So it appears 
until we get below the surface of things. If it were not for the general high 
standard of honour amongst manufacturers in this country, little of the work 
now doing duty would be worth more than scrap price. So far as the effective 
policing of work is concerned, the average past and present inspectorship is 
a farce. Men there are to be found who are conscientiously and uncom- 
plainingly doing their duty and using their great gifts and knowledge at a 
woefully insufficient salary ; others, and the majority, are honestly trying to 
do what seems to them right, yet lack the necessary knowledge to ensure the 
ends sought ; whilst a few are rogues pure and simple, fattening on both sides, 
and passing and certifying anything so long as it is made worth their while. 
If a maker or a foreman really wishes and tries to get dishonest work passed, 
even the most acute of inspectors will hardly detect his tricks ; how, then, shall 
a man who does not know the secret of those tricks be able to do so ? The 
commonest gloss and make-up will serve to deceive the inexperienced, but the 
devices of a clever workman interested in passing off some little fault need 
a workman's care to detect. If manufacturers were so minded, it is not 
too much to say that bad work could be passed off wholesale on customers 
without any attempt at corruption of officials specially detailed to detect 
the same. 

A man who has laboured to make himself as thoroughly conversant with 
work as has been here outlined cannot be got for two to four pounds a week, 
unless he is the victim of circumstances. Neither should it be expected that 
he could. The position is one of great responsibility — if it is worth anything 
at all. As the size and complexity of a job grows, so naturally does the 
responsibility, and yet it is quite a common thing for a man with three 
pounds a week to be in charge of work costing his employer tens of thousands 
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of pounds ! If the manufacturer can be trusted, why should even that small 
amount be unnecessarily spent 1 Is it for the sake of spending money or 
what? If he cannot be trusted, and it is an essential to have someone 
in residence, must not that someone be entirely capable of his work, or else is 
he not worse than useless, since his presence inspires a confidence which is 
continually being betrayed 1 If bad work is feared, and it is to be presumed 
this is the case, or inspectorship would be unknown, the man for the work 
must be as well informed thereon in every way as the acting manager who is 
doing the work, and who is in the receipt of a salary ordinarily from four to 
ten times as large as his. It is not the amount of hard work as measured by 
the sweat of the brow which an inspector performs that should be the measure 
of his remuneration, but the responsibility he has and the knowledge he must 
have gleaned in order to enable him to use his powers for his employer's 
benefit. Until the status of this calling is considerably raised and salaries 
radically altered, the best class of men will never willingly enter it. 

It might very well be objected that this is a plea for spending more money 
on work. It is nothing of the sort. It is a plea for common sense. If the 
general level of inspectorship was higher, manufacturers could quote lower 
prices. At the present time a considerable factor in influencing prices is the 
personality of the engineer and the probable inspector. It is no unusual thing 
to hear in the estimating department the remark that the engineer of a cer- 
tain job is so and so — " He's all right ; but is the inspector, so youll know 

what to expect"; and prices are adjusted accordingly. It does not take long 
to size up each man's character, and the probable expense to the firm with 
any man can be very nearly set down. The more ignorant and incapable or 
otherwise troublesome man he may be, the more must they cover themselves 
to protect against his known failings. Few makers desire to turn out bad 
work ; not many men are so constituted that they can take pleasure in this, 
and for this reason a good man is welcome. He will not make unnecessary 
trouble ; what he has to say will be merited, and there will be nothing to fear 
from ignorant judgments. It is known he will be fair. Such a man is worth 
doing work for, and prices can be safely brought in line. 

Whatever his attainments, the first maxim of every inspector must be to 
carry out the specification. On the drafting of this must be based his own 
conduct. When a maker has tendered his prices on certain information 
supplied him, it is nothing but fair to both parties that known conditions 
should be properly carried out. Let there be no hesitation on this score. 
Whilst the manufacturer has his rights, yet these cannot in any way traverse 
specific undertakings, such as he enters into when he takes the work. Young 
officials often feel reluctant to insist on conditions which, though set down, 
hardly seem equitable. This is not their lookout, nor has it anything to do 
with them. If the works and the buyer care to mutually enter into an agree- 
ment, the buyer's agent is there to see that the works properly carry out their 
assigned duties. But with all this comes the second maxim of inspectorship, 
"to carry out duties as agreeably as possible to the maker." The proper 
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course for every man confronted with apparently abnormal conditions is to 
stick to Lis specification or instructions until further orders arrive, but at the 
same time immediately acquaint his principals with the pros and cons of the 
matter, stating his own opinion and, at the same time, attitude, and asking that 
if anything is to be modified he may be advised. On matters upon which he 
has discretionary powers, he should exercise his judgment immediately and not 
bother his principals unnecessarily. Great firmness and tact are essentials in 
such situations. Blustering assertions are not worth the breath they cost. 
There is always a "right" about every matter. There is no other course 
honourably open but to choose it. 

There is a vast difference between the man who does his duty quietly and 
he who does it with a trumpet. The red-faced, loud-voiced assertive man, 
however upright, can never be the success the quieter self-respecting man 
will be ; nor will his full-toned utterances excite half the respect the more quiet 
delivery will inspire. Most men who are at the head of any establishment, 
whether as owners or managers, are there because of ability and fitness. They 
hold their position by means of their innate worthiness and their confidence 
in themselves. Such men are not to be frightened, or even impressed, by 
arrogance of any type, whether justified in part by acquirements or not. 
Attainments they can and do respect ; but they respect them the more they 
are accompanied by the knowledge that other men have brains. It is but 
right that an inspector should show every courtesy, even as he expects it, and 
he must in turn respect those with whom he is dealing. His duties are to get 
the work made as well as his instructions indicate, and to see that no action 
or word of his either hinders the execution thereof or causes attempted fraud. 
He must therefore make himself as agreeable as possible to all parties. 

Given that the drawings and specification have been drafted, estimates 
called for, and a tender accepted, the first of the inspector's duties will be to 
proceed to the mills to inspect and test the materials. The manufacturer will 
communicate with him, and inform him at what mills the steel is to be rolled, 
and if he so requests, furnish him with a copy of the order, giving the sizes 
and lengths of all materials. As the time of rolling depends on the state of 
the mill order-book, the rollers will inform him when they will be ready for 
him; or if his specification obliges him to see the actual rolling, the days 
when his attendance will be necessary. In some cases, this is done through 
the buyers — the girder makers. 

It is not necessary that the rolling should be seen unless the work is very 
large or of a special character. The bars, etc., to the order will be collected, 
and when there are sufficient to warrant it the inspector is sent for. Armed 
with his private stamp, he selects lengths from which the test-pieces can be 
conveniently cut, and either stamps them himself or sees a man do so. The 
test-lengths are then prepared, i.e., cut to size, and shaped somewhat as fig. 1, 
p. 23, and he is told at what time they will be ready for him. At the appointed 
hour he attends the testing shop and identifies his own pieces by his mark, sees 
them duly measured up and prepared, and the attendants place them in the 
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machine and break them, himself reading off the record. There will be no dim- 
culty in this, the actual load put upon the test-piece, irrespective of its size or 
area, always being given. The attendants will then measure off the elongation as 
found by the actual stretch between the two marks mentioned on p. 23, and 
the contraction in area at the point of fracture. The inspector will closely 
follow or personally check this, and the figures obtained must be reduced to 
tons per square inch and percentages of elongation and contraction. The 
test certificates will be filled in as each piece is broken, until the whole are 
done, when the inspector is able to sign the sheets and forward them to his 
principals. It is seldom, indeed, that a test-piece fails to come up to standard ; 
should one do so, and the rest of the same heat or cast be satisfactory, there 
will generally be some evident reason. Should suspicion be felt, or more than 
one piece behave in the same manner, a fresh batch of pieces should be 
selected and the results again carefully noted. Should they confirm the first 
suspicions, then the whole of the material from the heat to which they belong 
should be rejected ; but should they come out all right, it may be taken there 
was some error in the first tests made. The importance of identifying the 
material from each heat is thus evidenced ; as if there was no such means of 
selection, either every separate bar from the bulk would have to be tested 
or the whole condemned. By means of his list of materials ordered, the 
inspector will be able to see that all the steel required is duly rolled, and that 
he has had proper representative tests from same. Material is not usually 
allowed to leave the mills until the inspector has approved of it; as when 
once despatched, their responsibility in the matter ends. They will not 
recognise further tests, or entertain any questions raised afterwards. The 
inspector must therefore personally see each bar or plate to the order, and 
carefully examine it for flaws, laminations, blisters, and other defects, stamping 
each with his private mark for after-identification, if he so desires. 

The work at the mills is more the proving of facts than the exercising of 
discretion and judgment, and in that sense is more mechanical than what 
follows at the girder yard. The more acquainted a man is with his work, and 
the more used to it, the better and more certainly will he perform it, whilst 
his evident knowledge of what he is doing will stand him in good stead with 
the testing staff ; still the work, unless in a foreign country and for an order 
of magnitude rendering it necessary that the whole manufacture should be 
watched throughout, cannot be justly classed as being of that high order 
alluded to previously. It should, however, if possible, be performed by the 
same man to whom the after-duties are entrusted, so that the advantage of 
knowing the whole business throughout should be his. 

In previous chapters different questions as to manufacture and methods 
have been fully gone into, and there is no need to go over the same ground 
here ; whatever is not therefore fully explained in this chapter with regard to 
inspection in the yard will be found elsewhere. 

If the job be a small one with a not very onerous specification, it will now 
suffice if the inspector pays a visit to the girder yard and sees that they have 
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the identical material he has passed. At the same time he should have an 
eye as to the facilities for work, and if a thoroughly practical man he will be 
able to judge pretty correctly the style and methods of manufacture in vogue. 
Presuming he is satisfied as to things, he need not again attend until the 
work is well under way, when, on hearing from the firm, he should proceed 
to verify the attention paid to specification requirements. Questions as to 
drilling or punching, planing, fitting, and other items can be checked, and he 
can assure himself as to the genuineness of the work. Another visit must be 
paid when the completed work is ready, and he must now go carefully over 
everything, preferably personally checking all dimensions and sizes, seeing 
that the right materials have been used, that the workmanship is equal to 
requirements, and that it is in every way what his employer is requiring. 

Should the work be rather more important, a weekly or fortnightly visit 
during its progress may be advisable, when all questions cropping up can be 
dealt with and the gradual building up of the girders or parts properly and 
intelligently followed. During such visits hidden work, or parts which cannot 
be got at when completion is arrived at, should be examined and passed ; 
and should there be any particular process or stage which it would be 
desirable for the inspector to personally watch, such can be arranged to take 
place at any prearranged visit or time. 

Work of the first magnitude will require the inspector to be at the yard 
every day. There will be much work in progress at the same time and at 
very different stages, and he will need a good memory, a receptive mind, and 
an elasticity of disposition to accommodate himself to the demands upon his 
time and attention. Naturally the precise character of his work, or rather 
its onerousness, will depend largely on the specification. If it is directed 
that certain things be only done in his presence, and if he also needs to obtain 
ocular proof of the methods and workmanship at every stage, his hands will 
be very full, and he will need to be better than the average to avoid falling 
foul of some one or other of the different foremen engaged. This latter is a 
calamity he must always study to avoid ; an injured foreman can give an 
inspector double work and trouble, and promote a feeling of uneasiness as to 
all his work which will be far from pleasant. 

Without interfering with the various routine methods of an establishment, 
e.g., whether wood templating is used or the older sheet-iron method, etc., the 
inspector is entitled to assure himself that the workmanship at every stage is 
of that degree of accuracy deemed essential to the final satisfactory assembling 
of the structure. For instance, no obstacle will be put in his way if he 
wishes to check the accuracy of the templates when made, or the truth of the 
planed surface of an expansion bearing. A good man will not go about with 
his hands in his coat-pockets, but will be alive and actively ascertaining for 
himself. The manufacturer will generally accord an inspector as much help 
and as many hands as he wants within reason — some foremen will be only 
too glad to have their own men manipulate gauges and instruments to save the 
inspector from bending his back. Help of this character is not desirable — the 
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man who thinks of his back and his dignity before his work is best out of 
his berth. At the same time, continual interference or the exercise of his 
powers more often than is necessary or advisable will be most certainly 
resented, and he should refrain from doing or seeing anything from mere 
curiosity or the wish to display his knowledge or authority. What to do 
and when to do and how to do it, also what not to do, need much tact and 
knowledge ; and herein will lie most of the proof of an inspector's capacity 
and fitness for his work. 

Assume, for the sake of illustration, that the work in hand is a large 
swing-bridge for heavy traffic, spanning two openings of about 120 ft., and 
having an overall length of about 320 ft., to be turned hydraulically. A 
thoroughly good man in every sense will have to be put in charge of this — if 
he is to be of any use — and he will have to give his whole time to it ; at all 
even to, from the period when assembling commences. There will be here 
girder work, cast-steel work, cast-iron work, forgings of all descriptions, bronze 
and steel gears, shafting, and much fitting and turning, etc. A mere know- 
ledge of constructional steelwork will hardly suffice. The hydraulic machinery 
may also be included — as some yards in this country are capable of doing 
the whole — or again, it may be supplied by hydraulic specialists. 

A good man will now have work after his own heart. He will have to be 
master of all trades, able to follow every operation, and personally familiar 
with the methods used. His first business will be to test the steel at the 
mills as already detailed, and, this through, to watch the setting out. He 
should not interfere here unless it is obvious that mistakes are being made 
and in order to assure himself as to sizes and dimensions, etc. ; a foreman 
who has made swing-bridges all his life will not be grateful for suggestions 
as a rule. Let him go a longer way round if he wishes — probably he knows 
his men and tools better than a stranger could, anyway no good will be done 
by interference. At the same time, should it be seen that mistakes are 
happening, a timely word by the inspector will do good. Of course, he has 
no need to say anything ; he can wait until the matter is put before him and 
then condemn it, but by doing so he is not serving his own employer — for 
delays are never appreciated — and he is also making enemies in the works 
for which he will pay at some time or other. It will be impossible to hide 
from these men that he did not know what was coming forward. It is simply 
a case of doing right on the inspector's part 

He will now have to. test the cast-iron bars and, if able, watch the 
casting of the metal. He should always see his bars run, so that he may be 
sure they are of the same metal as the castings. His private stamp should 
be impressed in the mould, so that he can identify them when they are ready 
for testing. It is a good plan to see the moulds before the castings are run, 
and to look at the whole disposition of the tackle, especially if any large 
weights are involved. To a practical moulder all these things enable him to 
forecast events, and he is better able to inspect the castings when made, as 
he will know in what direction to look for trouble through any faults he may 
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have observed. When testing his bars, let him be particular as to the total 

weights put on, and also let him read the deflection gauge himself. Due note 

should be taken of all data gained, and every fracture should be seen. If a 

bar breaks under the test-load, the fracture may possibly show a flaw of some 

nature; should the others break up to standard no notice need be taken. 

If, however, the bars as a whole do not come up to test, and there is no 

explanation of same except bad metal, the inspector has no option but to ( 

condemn the castings represented. Test-bars must be run whenever any 

pieces belonging to the bridge are being cast. 

After fettling, and always before painting or oiling, the inspector must 
carefully go over the castings, ringing them well with the hammer to prove 
soundness. The large pieces must be carefully checked for winding and 
size. It will save much subsequent trouble if this is done now, as if they 
once get in the shop and have had labour on them, and some parts then 
fail to hold up, it requires much resolution to reject them. Many foremen 
will start machining even though their setting-out has shown there will be 
one or two tight places, trusting to being able to persuade the inspector to 
take them. It often happens in castings of this nature that loose flanges on 
patterns have got rammed in or out of truth, and in order to make the 
casting hold up to finished sizes, one flange has got to be only just scraped, 
whilst the opposite one will want both planing allowances taken off, thus 
reducing its metal below that specified. It is therefore economy of both time 
and temper either to personally try the castings over, or arrange to see the 
setting-out before tooling commences. 

One of the chief points to look to in castings is that there are correct 
dimensions everywhere; thicknesses of metals should always be tried. 
Wherever there has been a core larger than a bolt-hole it should be ascer- 
tained whether the metal is properly distributed or not, as cores are so apt 
to rise or otherwise get misplaced. If there exists no other way of finding 
this out, small £-in. holes should be drilled in sufficient places to prove one 
way or the other. If a column or hollow strut is being examined three 
holes will suffice, one in the centre of the shaft and one at either end. By 
taking the outer diameter and using a piece of wire pushed through the hole 
until it reaches the opposite side, the thickness of the one wall is readily 
determined. If the end of the wire is turned at right angles and pushed 
through the hole until the turned end can be caught on the inside and 
a measurement taken, this wall also is known. A special kind of caliper 
is made for testing hollow castings, and for much work is a great convenience, 
as it dispenses with the necessity for drillings. It is illustrated in fig. 31, 
and it will be seen that it is only necessary to read off the thicknesses on the 
scale. Where there are very wide flanges it cannot, of course, be employed, 
but for many things it has great advantages. 

The skin is always to be looked to. For castings in a prominent place 
this must be specially good, and all corners must be sharp and all mouldings 
true and free from faults. The texture of the skin tells much to the practical 
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man, but its chief message lies in the evidence it affords as to the state of the 
metal when the casting was run. If from very hot metal, it will be very 
slightly rough, due to the blacking or plumbago being eaten away, but of a 
bluish tinge. If of cold metal, it will be quite smooth, perhaps shiny and 
of a good grey colour. The precise shade and appearance will differ 
according to the thickness of the part and to the mixture used, but these 
are broadly the distinctive signs to be noticed. The error is nearly always 
on the " cold " side. Moulders are notoriously afraid of hot metal. It runs 
so much faster than when colder, and gases are generated so quickly, that the 
mould is much more severely tried. So the ladles are kept standing until 
the metal reaches that heat below which they dare not run it, and then the 
mould is poured. Frequently they wait too long, and then the iron does not 
reach the far corners, or cold laps are the result. More wasters are made 
from this cause than from all others combined. It is evident that thick 





Fig. 81. — Caliper for hollow castings. 

castings can be run with safety at a much lower heat than thin ones, and it 
needs very nice judgment indeed to determine the precise heat for any 
particular thickness or casting. 

According to the state of the skin, then, different likely faults are sought 
for. If cold run, cold laps are expected ; perhaps a riser has not lifted and so 
a lot of dirt may be on the top Bide, or a far-away flange has a corner or two 
short. If hot run, there may be a big " flash " at the joints ; the boxes may 
have started a little, making a wide, unsightly joint ; the runners may have 
drawn a little, or there may be a " scab " or two to be seen. Few inspectors 
understand the real significance of " scab " ; to them it is an unsightly 
excrescence, which, if cut away, will always show where it has been, and 
the question which troubles them is whether they ought to allow it to be 
cut away or be condemned for the ugliness of it. The matter is really much 
more serious. A scab is caused by a fall of sand in the mould, which may 
be due to many causes, and the scab itself is merely the iron occupying 
the vacant space thus caused. Now, if sand has fallen it must have gone 
somewhere, and the problem is, is it in some part of the casting or has it 
been rushed through the riser ? A very careful search must be made for it, 
the experienced man knowing the most likely places for it to lodge in any 
given casting. If good scrutiny and tapping with a sharp-pointed hammer 
fail to locate in, it may be in the riser ; but all the vital parts of the casting 
should be as thoroughly examined as possible. A scab from the core is the 
most difficult thing to deal with, in the sense that it is so seldom that the 
cored part can be really got at to see whether it is clear from them. A 
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point should always be made of looking at it, if possible, and, if not, then 
all the upper surfaces in the top part must be thoroughly searched to see - 
whether there is any trace of one. Spongy places are almost always due to 
a fall in the mould, and should be thoroughly explored with the hammer to 
ascertain their extent. If in a vital part they are beyond remedy ; if out of 
the way and not large enough to matter they may be stopped ; it is best to 
be very careful with regard to them, because they have no business there, 
and the inspector is under no obligation to pass them ; at the same time 
they are necessary evils of moulding, and it does not evidence much common 
sense to condemn castings for faults so small that they can never possibly 
matter. If any attempt at tinkering or stopping anything, whether sponge, 
air-pockets, or cold laps, has been made, that particular casting should be 
subjected to the most severe examination ; indeed, some men go so far as 
to refuse to even entertain its acceptance, and if the practice has been 
resorted to against their orders they are quite justified in so doing. Often 
the management knows nothing of Buch attempts ; no moulder cares to make 
wasters, and they sometimes visit the fettling bank and try to make good 
anything they may notice. If a flange is short-run, or there be some other 
similar defect, the moulder will probably wish to " burn " a piece on. This 
is done by burying the surrounding parts in sand and only leaving exposed 
the portion it is desired to alter. A dry-sand mould of the missing portion 
is made and placed in position, and a runner and outlet so formed that 
metal can be poured in and run over the exposed portion of the casting until 
this piece has attained melting-point, when the outlet is stopped and the new 
mould allowed to fill. If well done the job is a good one and may be relied 
on ; but since so much depends on judgment, it not infrequently happens that 
the time is wasted. The metal which is run off is led into "pigs" and 
remelted, so that there is not much waste. 

Joints should always be particularly looked to. Occasionally the top part 
gets twisted on the bottom part (the moulding-boxes), and bad and uneven 
joints result. If much chipping is required to straighten matters, things 
look suspicious and special notice should be taken. Runners and risers 
must not be broken into the casting ; this is due to the moulder's carelessness 
in not forming them properly. They should always be cut off bright and 
sound and be thoroughly solid ; if dirty, or showing signs of being " drawn," 
suspicion as to the soundness of the casting is created. Swellings and lumps 
should not be present anywhere ; they denote uneven ramming by the 
moulder, and are caused by the sand in the mould not being of the same 
degree of density everywhere. Rough pitted surfaces are caused by the use 
of poor facing sand or inferior blacking or plumbago. Deep flanges are 
often ragged and irregular through the patterns giving poor "draws" and 
mending having to take place at awkward depths. Loose sand may also get 
overlooked in such places, and occasionally even tools have been forgotten and 
left in ! In fact, the chances of things going wrong in moulding and 
wasters resulting are, perhaps, greater than in any other trade. It is 
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doubtful whether any work yet written on the subject has dealt or could 
deal exhaustively with its craftsmanship. Moulding is to most engineers the 
most attractive subject, because of its risks and uncertainties and the 
necessity there is to be always on the qui vive. Thoroughly good moulders 
are scarce and are seldom wanting jobs. In the short space possible to be 
devoted to consideration of the art here, it is not practicable to pretend to 
do more than mention the chief points to be noted by the inspector when 
called upon to exercise his judgment on castings brought before 4 him. What 
has been said will, however, prove to some extent that examining them is no 
child's play, since the fruits of much experience must be brought to bear. 

It is the casting which is hardly bad enough for the management to 
consign without question to the scrap-heap which gives an inspector the 
most trouble. Every man appreciates frankness, but much perturbation is 
often caused when the manager draws an inspector's attention to some defects 
which he says he thinks are hardly serious enough to form fair ground for 
condemnation, and asks that it may be accepted. Probably it may be a dry- 
sand casting for the swing-bridge and weigh several tons, and may have 
cost weeks of work to get ready, so that it represents a value of, perhaps, 
a hundred pounds or so. Now is needed great independence of character 
on the part of the inspector, and he will need all his firmness not to be 
influenced by the manager's persuasions. It is, however, imperative that he 
face the question calmly, remembering for whom he is acting, and that no 
personal considerations of any nature be allowed to interfere with his 
judgment. The casting is for a certain purpose ; are its defects such as to 
militate against the proper accomplishment of that purpose, and will they 
in any way detract from its value as a constructive agent? These are the 
questions he has to answer, and he must have his employer's opinions always 
before him. If no good purpose would be served by the defective parts 
being other than what they are, the casting may be accepted, since time 
would be required to replace it. If, however, they constitute any drawback 
to the proper execution of its functions in its allotted place or tend in any 
way to weaken it constructively, then it becomes a duty to only accept what 
was intended when the drawings were made, and nothing short of this will 
do. The firm took such risks when they gave in their estimates, knowing 
best what they could and could not do, and the inspector's shoulders were 
never meant to take over their responsibilities. The inspector's first duty is 
to his specification and drawings, as representing his employer's instructions. 



CHAPTER X. 

INSPECTION — II. 

The steel castings required for the bridge will doubtless be obtained from one 
of the firms making a speciality of this work. These castings differ some- 
what from iron ones by reason that the greatest difficulty is found in keeping 
them homogeneous and free from flaws — the test for strength being of only 
comparatively secondary importance. In fact it is this drawback — lack of 
soundness — which has so largely prevented their use until comparatively, 
recently. Up to a few years ago more wasters were made than sound 
castings, and consequently their cost rendered them almost prohibitive. Even 
now they cannot be bought at prices which will compare favourably, strength 
for strength, with cast-iron. Most works producing them affect a good deal 
of secrecy as to the exact composition and methods used, though it is pretty 
generally admitted now that soundness can be secured by the addition of 
silicon and manganese. The proportions of these two elements naturally to 
a large extent affect the strength in the manner previously noted when 
dealing with mild steel, the manganese being introduced to counteract the 
weakening influence of the silicon. 

Often steel castings are accepted solely for their soundness ; i.e., tests are 
not specified. Where a test is imposed it is usually a tensile one from a piece 
taken from the casting, and it should show from 28 to 35 tons per square inch, 
with an extension of not less than 8 per cent, on 8 ins. If a bending test is 
also specified, this will be that a sample must bend cold through an angle of 
not less than 90° before fracture. It is customary to test soundness by well 
hammering the castings, and by letting them fall somewhat sharply on to a 
hard surface, though this latter must be done with judgment according to the 
shape and weight involved. If the tensile test is passed, and the castings ring 
true with the hammer, there is no great necessity for the dropping test at all. 
Castings should be annealed before leaving the foundry, as this greatly 
mitigates the stresses induced by the original casting and cooling and 
increases ductility. 

All flaws should be well investigated, and if in a working part, or where 
there is likely to be any stress, should not be passed if of any consequence 
whatever. On account of their price steel castings are not specified where 
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iron ones would do, and a steel casting with a flaw may be no better than a 
sound iron one would be. Extra care should therefore be exercised when 
dealing with these. What has been said about the inspection of cast-iron 
will largely apply to this metal and need not be again repeated. The 
hammer should be used much more freely on steel than on iron ; of course, it 
is not possible to use it to any great extent on the latter, but it is a valuable 
assistant in determining soundness on the former. Great attention should be 
paid to narrow necks between large bosses or bodies of metal, the arms of 
wheels, and other comparatively thin places. Very often the subsequent 
turning or machining in the shops will reveal unexpected cavities, and steel 
castings should always be purchased conditional on replacement of such 
defective pieces. 

The mild steelwork specification will probably be strict, since there will 
not be much unnecessary material nor any great margin . allowed, and the 
inspector will most likely be required to watch all the processes of con- 
struction. He will not be bothered by questions of the advisability or 
otherwise of planing and drilling or punching ; but will merely have to work 
to his instructions. It will pay him to watch the template-making on a job 
of this sort. It will not be quite straightforward, and there will be a lot of 
connecting plates, brackets, gussets, bracings, and diaphragms which will all 
depend more or less on each other, and in which an error in one will mean 
many more probable mistakes. As before noted, he will not interfere with 
methods of work, except in so far as they may be contrary to his specification. 
So many inspectors have fads or cranks which they try to force on the manu- 
facturer, honestly believing that their methods are the only ones which will 
give satisfactory results. A greater mistake than to do this cannot well 
occur; methods of work (with the exceptions stated) have nothing to do 
with the inspector — he is only concerned with results. These he can condemn 
if at variance with what they should be, but he must leave the ends used to 
attain them severely alone. He is, however, for his own protection's sake, 
justified in taking account of the methods used, especially if he fears the 
results, as they will guide him so much in looking for the expected errors. 
Since the correctness or otherwise of the templating ensures the degree of 
accuracy the finished work will assume, it is always instructive to have 
regard to it and to duly note any doubtful work seen. It is not unusual to 
see a lot of drifting done in the awkward places, and as these are just where 
accuracy should be the highest they should be particularly watched. In 
such bridges all the important jointing holes of girder to girder and cast or 
forged work to girder, etc., should be drilled after the work is together, so 
that there may be no chance of error. If mistakes are made and holes do not 
coincide, the inspector has choice of two alternatives: either to have them 
reamed out to a larger size, taking a larger rivet or bolt, or to insist on rectifi- 
cation by fresh material. The first will depend on whether there is material 
enough to warrant the alteration, and that it would not interfere with any- 
thing else, and also that tne error can be made thoroughly good this way. 
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If not, then there will be no alternative, though it needs very good reason to 
order the second, since it involves so much delay, and possibly more testing 
and proving of the replacing material. 

The assembling of the parts is a time for vigilance and care. If unsound 
work ever will be attempted it will be now, and it is at these times that the 
practical man scores most over the non-practical one. The first knows by 
experience where to look for the probable deviations, since he has been 
at it before, and the way the work has been tackled will tell him what to 
expect. Reason should, however, be the guide in all things, and so long 
as a good sound job is secured and it is not contrary to specification, the 
inspector should not be awkward. The way it is done is nothing; the 
end is the thing. 

One of the points about rivet-holes that should be looked to is the f raze 
which always forms at drilled holes ; it is one of the most serious objections to 
drilling through the solid in a flange. When so many plates are bolted or 
clamped together and a drill sent through the lot, a fraze forms on each plate ; 
the faster the tool is sent through the steel the greater or stronger the fraze. 
Some steels seem worse than others, whilst the speed of the tool and the 
lubricant used all make a difference. It will be pretty clear that if such a 
fraze exists and is not removed the plates will not lie together properly or 
closely, and that the rivets even will fail to make a proper job in drawing 
them together. Whilst this might not mean any great disadvantage structur- 
ally, since they would still in a sense be solid, yet it would pave the way for 
oxidisation when in service, with all its attendant troubles. All frazes should 
be removed before riveting, and generally, unless the inspector remembers it, 
the workmen will not remind him. 

After assembling comes the riveting. This may be done either by steam, 
hydraulic, pneumatic, or hand-power, most probably by a combination of the 
three last, different means being used for the most suitable places. The first 
named — steam-power — has now almost died out, having, for practical reasons, 
been superseded by hydraulic and pneumatic methods ; whilst hand-riveting 
is only employed when the others are not possible. The process used will, 
of course, depend on what the works is laid out for. The inspector 
is not responsible for this, but he is for the soundness of the resulting 
riveting. 

Now there are one or two points in riveting which are not usually appre- 
ciated and whose significance is not generally understood. More often than not 
it is assumed that the soundness of the work lies in the pressure at which the 
rivet is driven. This is quite a mistake. If it were so hand-riveting would 
never be of any use, whilst we know that some of the best work extant was 
all hand-riveted. On the contrary, it is quite probable that much of the 
riveting now daily done is being carried on at too high a pressure. It is 
only the girder yard knows of the number of rivet-heads which fly in the 
course of a twelvemonth from no visible reason whatever! And it is only 
girder-yard men who are led to ask how many more are on the verge of flying, 
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and how many more still have some stress or other on them which is tending 
to force their heads off. Yet the rivet steel is all proved material. 

Take hand-riveting first. This depends for its success almost entirely on 
the heat at which the rivets are driven. A good riveting gang will send 
back rivet after rivet unless it is the proper heat — they cannot make a job 
of anything short of it. The essentials are a fairly hot shank with an end 
at welding heat. Given these and a smart gang, and handwork will compare 
favourably for results with any means yet known. The hot shank is needed 
for drawing the work together as it contracts, and the white-hot end in order 
to secure a perfect head. When, as formerly with punched work, the rivet 
had to be upset throughout its length in order to properly fill ite holes, it 
was necessary to have the shank a good forging heat throughout, or else it 
would have been considerably weakened.' The straight shank was supposed 
to fill thoroughly a hole of perhaps the shape shown in fig. 32, and unless the 
heat was suitable the punishment would be severe. Now that drilled or 



Flu. 32.— Punched rivet. -holes. 

reamed work is so largely used, a slightly lower heat will do for the shank. 
The amount of contraction the rivet undergoes just serves to thoroughly pull 
up the plates, and a very fair job is secured, which does not put any secondary 
stresses on the rivet. 

Turn now to hydraulic work. The characteristic of this method is its 
immense riveting pressure. Frequently a j-in. rivet will be driven under a 
load of 20 tons, whilst larger sizes may have 35 or 40 tons upon tbem ! If, 
now, the rivets are driven at the same heat as they would be for hand-riveting, 
what results could reasonably be expected I Through the great power used 
the plates will be brought far more in contact than any rivet contraction could 
accomplish, and they will, to all intente and purposes, be solid one with the other. 
When driven the rivet has still to contract ; what will happen then 1 A tensile 
stress is bound to be set up in the rivet. Suppose that a rivet 4 in. long in 
the shank is to be driven and that ite temperature is 2000' Fahrenheit. 
The coefficient of expansion is about 00001 1447, and it will therefore have an 
increased length over ite cold state of '05 in., say 1 V ra - If tne plates are 
already solid together, what is to become of the ¥ V m - * Taking the modulus 
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of elasticity at 12,000 tons, such an elongation would mean a stress of 150 tons 
per square inch of rivet section, thus showing that the elastic limit would be 
passed, and that if the head did not fly off the shank would be in a state of 
permanent set. Of what value will the rivet be under such circumstances ? 
In hand-riveted work the ^-inch would be taken up by the small distances 
between each plate, since it would take eight to ten plates to make up 4 in., and 
as no plates are perfectly flat there would be no abnormal stresses developed. 

Pneumatic methods are near akin to hand-riveting, and are consequently 
much less severe on the rivet shank. The plates are not nipped together by 
any great pressure, and there is therefore room for the rivet to act naturally. 
At the same time, to produce a good head the rivet-end should be of a weld- 
ing heat, and the difficulty is to obtain this without also unduly raising the 
temperature of the shank. The proper method of heating rivets remains yet 
to be solved. There exists no really efficient means by which the point of a 
rivet may be made hot whilst the body remains comparatively cool ; with 
existing processes no two points will be alike, nor any two shanks. The 
consequence is that when the riveting methods demand hot points the shanks 
vary, and their amount of contraction must vary likewise. If the points are 
not raised to a sufficiently high temperature to make a good head in the effort 
to keep the shanks cooler, then the lower pressures of pneumatic systems fail 
to properly cup and turn them. 

One advantage punched holes have for riveting is the latitude they allow 
the rivet to assume normal conditions as it cools. It is matter of common 
knowledge that punched work requires longer rivets than drilled — an allow- 
ance has to be made for the slight upsetting which takes place in the holes. 
This varies with the length of "grip" or distance between the heads and the 
diameter of the rivet; as an example, a 1-in. rivet with a grip of 4 in. 
would require to be 5 J in. long from the underside of the head to the point end. 
Since only 1 J in. of length will be taken up by the head, it follows that the 
allowance made is §-in. The extra length naturally much modifies the 
cooling stresses and helps the rivet considerably. 

Another point worth noting is that it is difficult to precisely state the 
stresses the ordinary rivet-head has to carry in everyday work. The vast 
majority of rivets driven are in either single or double shear, and so long as 
no bending stresses are set up on the shank the heads play no very active 
part; their function is to keep the several plates so tightly together that 
these stresses shall never act. In the great majority of cases they would do 
this quite as effectively if they were merely cobbled over cold, as there is no 
great leverage exerted upon them. The matter becomes different, though, 
where the shank is put in tension through the load taking a direct pull 
on the heads, or where bending stresses afford an opportunity of a leverage 
being exerted upon them. It is then necessary to see that the head is 
perfectly well formed, properly proportioned to the strength of the shank, and 
thoroughly homogeneous and solid. This can only be secured by forming it 
at a welding heat. 
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There are thus two questions raised. What is the proper process to 
employ and what is the proper heat at which to drive the rivets ? It is 
obvious from what has been said that each known system has advantages, and 
that these are neutralised to an extent by the rivets themselves. With 
hydraulic riveting, heads sometimes fly off, and it is difficult to say how 
many rivets are on the verge of doing similarly. With pneumatic machines 
rivets are liable to be loose or imperfectly formed. With handwork there 
is great risk of loose rivets, especially where many thicknesses have to be 
joined, whilst the cupping tool is very liable to cut into the plate around the 
heads. With all three methods the risk of burnt heads and shanks is always 
present. In order to eliminate this last drawback, gas-heating furnaces were 
introduced, where so many rivets were shovelled into the furnace and lay 
soaking at a red-hot temperature until they were required. This quite com- 
bated the burning evil, but it was directly provocative of " fled " heads, inas- 
much us the rivet was the same temperature throughout, and its contraction 
when driven hydraulically set up the stresses just mentioned. Perfectly 
formed heads were obtained — the pressures of the hydraulic system would 
almost suffice to do this on nearly cold rivets — so that the red heat was 
quite sufficient so far as this goes. 

Ideally it appears as though the hydraulic system needed rivets with a 
cold shank and fairly warm head ; the pneumatic with a warm shank and hot 
head ; and the hand with well-heated shank and head. If these could be 
severally secured, there would be very little to choose between the three 
methods so far as efficiency goes. Unfortunately there is very little attention 
paid to the question at all ; so long as the rivets go in and are tight under the 
hammer and the heads look fairly well formed, very little more is ever thought 
about them. It is now becoming a frequent practice in heating for hydraulic 
riveting to place the rivets in holes punched through a plate or plates so 
that just the points protrude and the heat is allowed to play on these. The 
shanks being covered and protected from the heat, can only get so hot as 
conduction allows, and this will not be much during the short time it takes to 
heat the points. If well carried out this arrangement gives very good and 
satisfactory results, since a good head is assured, whilst contraction does not 
unduly stress the shanks. For pneumatic work the same method should be 
followed, except that the holes in the plates would be larger, so that the shanks 
may get fairly hot ; whilst for haiidwork the old system of heating in a small 
breeze fire still holds its own. The gas-furnace way of heating is more suited 
to pneumatic methods than either of the others, and much good work has 
thus been done with it. 

It will appear from the foregoing that even such a simple question as 
that of heating rivets has many sides and that it is worth the inspector's 
attention, but more especially so when he has any rivets taking active stresses 
other than shear. He will be advised in discountenancing heating rivets all 
over uniformly except for pneumatic methods, and will in all cases look out 
for loose and defective ones. Burnt, half-cracked, and all imperfectly formed 
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heads should be condemned and cut out. It should be remembered that 
machine-driven rivets are never quite so clean as those put in by hand — there 
is always a trace of fraze upon them. This is no detriment whatever, and in 
a job of this nature would not be taken notice of. It is only when dealing 
with very prominent and possibly ornamental work that it is desirable it 
should be cleaned off. 

In examining the forged work the inspector's practical knowledge will be 
brought much into play. No book can teach the essentials to a good weld or 
adequately describe the appearance of one. Judgment gleaned from experience 
is the only guide any man has to help him. All work should be clean — 
that must always be an essential, and it must be up to size in every direction. 
With the gears and shafting, he will be called upon to prove truth in all 
ways, and it will need very careful work to make sure that everything is 
correct. It will not be enough to inspect the material from which the several 
parts are made ; but the fitting and sweet working as a whole, the turning, the 
general alignment, must all be proved. The inspector should personally 
know the fit of the keys in the keyways, of the studs in their threads, and 
of the bosses upon their shafts. He must be able to devise a method suited 
to the design by which he can prove correct centring, and that, considered 
as a whole, the structure will work as it should do in position. To attempt 
to enter into details as to what should and should not be done by him would 
involve treating practically the whole art of fitting and turning, and this is, of 
course, foreign to the purpose of this book. Even if that were done, it is 
doubtful whether it would serve any really good purpose ; such knowledge 
must be acquired by experience. When a man is inspecting or testing any- 
thing he cannot be always stopping to think what the textbook said must be 
done next. He has got to have it all at his finger-ends ; it must be second 
nature to him, or he is morally bound to do more harm than good. It not 
infrequently happens that another inspector — a man solely used to mechanical 
work — is sent down to supervise this part, and the two have then to aot 
in conjunction. Such a course has its advantages and its disadvantages. A 
competent inspector will be quite capable of doing the whole thing himself. 

When the girder work has been thoroughly overhauled and passed, it 
must be well cleaned and scraped and have a coat of either oil or paint. 
Now that it is the practice to work under cover to such a large extent, it is 
possible to turn out work with comparatively small traces of oxidisation, even 
though the material has been weeks in hand. Formerly when work was 
done so much in the open air, it was impossible to prevent plates getting 
covered with rust, and this constituted a most serious drawback. Many 
engineers tried to enforce clauses providing that all material should be 
coated with boiled oil as it came from the rolls, but it was not found practi- 
cable. The only way was to insist on oil being put on so soon as the steel 
arrived at the yard, and this occasioned so much friction that it was prefer- 
able to trust to good scraping and cleaning before painting and sending jobs 
away. At the same time, this is not an ideal way of doing things. Once 
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material has begun to oxidise no amount of the usual scraping given seems 
to entirely eliminate it. The bad effects are certainly very much minimised, 
but that it is not entirely got rid of is proved by the action continuing 
under the paint when in service, and the necessity of frequent scraping and 
repainting. The most serious point in the maintenance of mild-steel 
structures is the annual outlay on paint requisite to keep them in order. 
The annoying part is undoubtedly that it is not so much that the paint put 
on is disintegrated by the weather and requires renewing from this cause, 
but that the enemy to the paint lies under it and works from the inside, 
forcing it off bodily. A suggestion is here made that united action should 
be taken to induce the mills to combat the evil. This is actually the only 
place where immunity can really be secured, and there exists no weighty 
reason why material should not be coated as it comes from the rolls. It is 
quite evident that odd demands for the practice cannot be complied with 
commercially, but if the demand was general, if it was, say, endorsed by the 
Civil and Mechanical Engineers' Institutes, it would soon be on a very 
different footing ; and since all specifications would call for it, arrangements 
could be made on a proper scale for meeting it. Experience has proved 
that an impervious coating must be laid on so soon after rolling as possible, 
and before the weather has had a chance to act. It is but the other day 
that some cast-iron water-pipes were taken up which had been down for seven 
years ; they had been coated after casting and before laying with Dr Angus 
Smith's solution. There were no traces of rust or deterioration visible, even 
after this long time. This is the sort of thing we want to approximate to 
with our mild steelwork. It cannot be pretended that Angus Smith's solu- 
tion would be a suitable coating, nor would a coat of paint be of any use ; 
but first-class results might be obtained if hot boiled oil were put on before 
the material cooled from the rolls. It would be easy to arrange suitable 
apparatus for doing this, so that the whole extra cost should not on the 
average exceed ninepence or one shilling per ton. Bars and all sectional 
material and also plates, with the exception of their sheared edges, would 
then have an impervious coating which would be no detriment to future 
operations, nor indeed exercise any influence upon them, and yet which 
would effectually prevent the first encroaches of the only real drawback to 
the much more general use of the metal. The benefit of such a coating 
would be incalculable, and would be productive of immense savings annually 
on erected work. Isolated demands for such a precaution will do no good. 
They only cause friction, because, at present, there are no proper arrange- 
ments for meeting them. If the practice was recognised as desirable by the 
highest authorities and pressure brought to bear in the proper quarters, 
what is now voted an impossibility and a nuisance, and as being of no benefit 
when done, would quickly assume tangible form. 

This is by the way. To continue with the consideration of present 
methods, it must be recognised that the covered shop is a great help in the 
right direction, and that there has been a great stride forward in the state 
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of work when it leaves the shop. It used to be no uncommon thing for 
plates and sectional material to lie in the mud in the open yard for weeks, 
waiting the arrival of a few more pieces before they were put in hand. 
Perhaps there would be a further exposure to sun and rain of several months 
before the job was ready for despatch and any attempt at cleaning and 
painting was made. All this is now very much altered, and it is well it is so. 
The inspector should see that cleaning and scraping are well done and not 
shirked, and should pay particular attention to the corners and awkward 
places. Painters are but human, and like the rest of mankind are ever ready 
to save themselves trouble. 

If the bridge is for export, there will be a vast amount of packing to be 
done, and this will have to be superintended. All small articles, bolts, rivets, 
tools, etc., will be boxed in specially made cases. The cantilevers will be 
taken in parts, and the ends of plates and joints will have to be properly 
timbered and protected from damage or from doing damage. The specifica- 
tion will contain full directions as to this, and it only remains to add that 
the inspector should personally check everything over to save trouble at the 
other end. 

The bridge is now ready for sending away, and it may happen that it is 
stipulated that the actual weighed weights of everything should be secured, 
and that the inspector should certify as to these. This is always a tedious 
operation, but it involves nothing more than ordinary clerking, except that 
precautions should be taken to see that fair weights are given and that the 
machines are properly manipulated. It is often looked upon as rather a 
good joke to make them show more than they should do for the time being, 
and it is well to be aware of this. 

From the foregoing it might perhaps be thought that the inspector was 
nearly always in the unenviable position of trying to circumvent the wiles 
and tricks of the manufacturer. This is not intended to be conveyed, nor 
would it be correct, since it is seldom that the management of a place lends 
itself to petty tricks of any nature. As a class, makers are honourable men 
and have attained their positions by fair dealing and good work. But when 
endeavouring to outline an inspector's duties, it is but right to point out 
where he should pay special attention and the reason, and this naturally 
involves assuming for the moment that trickery may be attempted. It is 
very* seldom indeed that any real case of knavery is come across. Makers 
have reputations to keep up, and for their own sakes are careful what they 
do. Still, no man would be doing his duty to his principal if he did not 
personally investigate everything he is placed in charge of, and so the 
inspector should be as careful as though he were buying everything for 
himself. Let. him do his duty and leave the manufacturer to do his. 

The keynote to successful inspectorship may be said to be "courtesy." 
More hangs on the personality of the man chosen than is generally supposed. 
Whilst thorough mastery of his work is an essential to success, yet if this 
is accompanied by surliness or a repellent or bombastical manner, much 
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friction is bound to arise. A good many men go to the other extreme and 
are "hail fellow, well met" with foremen -and managers. This is not 
required ; neither is it advisable to be lavish in either the giving or taking 
of hospitality. It needs more than the average balance not to be affected to 
some extent by personal friendship or the sense of obligation, and yet any 
such bias spells ruin to independent judgment. Not that an inspector 
should never have friends ; but it will be better for him if he does not get on 
an intimate footing with the men with whom he has to deal. Looked at in 
a personal light, no man would choose as his buying agent another who was 
known to be intimate with the seller. Not that he would care to put 
suspicion into words — he might not have any real suspicion at all ; but he 
would naturally rather have someone perfectly independent to represent 
him. Let the little courtesies of everyday life pass freely — some men set 
much store upon them ; there is no need to be suspicious of every advance, 
or to rigidly refuse to take advantage of proffered kindlinesses. Yet let 
a middle course be steered, and be most careful not to enter upon any 
obligation which may afterwards have to be paid for. An independent 
attitude must be studiously preserved, or all freedom of action will quickly 
be gone. 



CHAFTER XI. 

ESTIMATING. 

This chapter is not intended to be a complete exposition of the intricacies of 
estimating costs from the works point of view : that is a large question, 
involving very many issues, which could only be dealt with properly in a 
special treatise ; but it seems proper to give here a summary of the methods 
usually adopted in compiling estimates, so that the engineer and designer 
may become acquainted with their principles and be enabled to more certainly 
construct their own preliminary estimates of work required. 

One of the simplest ways of arriving at the cost of anything is to analyse 
its several parts and estimate the worth of each, the total giving the end 
sought. Everyone is more or less familiar with this method — it is one which 
readily suggests itself to even those not accustomed to probe costs at all. It 
will therefore be as well to follow it here. 

As convenient units on which to base figures, the system of estimating 
at per ton or per cwt. has no rival. All manufacturers reckon thefr prices 
this way, and what is done in the shops cannot be very far wrong ; at all 
events, if the same routine is followed, the results should fairly agree, and 
this is what the designer will particularly wish for. To an extent the use of 
the ton is misleading, in that it does not indicate where differences in prices 
really occur. For instance, two men design a warehouse with steel framing 
for identical objects. The one buys his steelwork at £12 per ton, the other 
at £14 per ton. It is quite likely that neither knows or could say why the 
two costs should be so different, and in estimating themselves they might hit 
on £11 or £13 or any other figure as being a fair price for either. It may be 
said that this is due to difference in design, or to a lack of knowledge of 
practical affairs, with perfect truth ; but such statements do not help — they 
define nothing and explain nothing. Why should a difference in design mean 
so much ? Steelwork prices are often as high as £30 and £40 per ton, and 
again as low as £8 or £10 per ton ; yet to the casual observer both are 
steelwork and nothing more. It is not fair to estimate some work on the 
tonnage basis; a pair of wrought-iron, highly-ornamented gates or grille 
would not show up very favourably reckoned at so much per ton or cwt. It 
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is the workmanship — the labour — which really regulates costs, and it is this 
factor which is so difficult to understand. 

Reckoning on a tonnage bas*e is a fair method so long as the charges for 
labour are less than the cost of the material. When this is reversed, the costs 
seem to mount so highly that the sense of proportion is lost, and prices can 
only be understood when put at so much the piece. We are, of course, 
now dealing with the former, and wish to indicate in what way an approxi- 
mately close price can be arrived at for ordinary work. 

The manufacturer has to face the following items before he can begin to 
see any profit for himself : — 

(1) The cost of the materials. 

(2) The cost of the labour thereon. 

(3) The dead or standing charges of his establishment. 

(4) Painting. 

(5) Packing, carting, and loading. 

(6) Railway delivery charges. 

(7) Erection expenses. 

Now, of these the engineer can generally obtain fairly accurate notions as 
to 1, 3, 4, 5, and 6 ; he will be bound to be in the dark as regards 2 and 7 ; 
in fact, he will perhaps seldom be able to accurately foretell their amount 
unless he has had a thoroughly good works training ; even then he may be 
out considerably on some work, since it is notorious how much the prices of 
different firms sometimes vary for the same work. 

(1) The current prices for materials are to be obtained with a fair degree 
of accuracy from most of the engineering papers, and it will be sufficiently 
near if these are taken as given. Generally mild-steel sections can be bought 
at from £6 to £7 per ton ; they have been both cheaper and dearer, but in 
ordinary times when trade is an average, and there is neither boom nor 
depression, prices will be found to fall between these figures. A good deal 
will depend on the kind of material required. For instance, if a job consists 
mainly of angles, it can be bought cheaper than if it was of tees. To give an 
idea of the relative values of different material, the following were the quoted 
rates for a given date : — Plates, £6 ; angles, £5, 15s. ; flats, £6, 2s. 6d. ; 
channels and tees, £6, 5s. ; rounds, £6, 2s. 6d. per ton. There will 
usually be about the same differences, the price of plates being the 
ruling factor. When the manufacturer makes up his costs of materials he 
must, of course, take so many tons of each and average the results. It is 
important here to remember what has been previously said about the choice 
of sections. Prices such as these named are only for material for which there 
is a good average demand, and for which a fair specification can be given. 
If one or two bars of a sort only are wanted, it must not be expected that 
they" will be bought at the same rate as an order for 20 or 30 tons 
would be, and therefore due allowance would have to be made in such a case 
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also. If the designer sets out to include all the out-of-the-way sections he 
can find catalogued, and to make as many different ones as possible, and then 
writes up a specification differing from the ordinary, he must not be surprised 
if he gets told that his material will cost nearer £10 per ton. If market 
prices are wanted, market conditions must be conformed to. Add to the 
buying price 5 per cent, to cover waste of material, etc. 

(3) Dead or standing charges are those expenses which cannot be directly 
charged and apportioned to any particular job, but are common to all the 
work made. Thus when it takes a workman three days to do any given 
piece of work, it is easy to say that the labour cost is so much, but it is not 
so easy to say what the cost of the foreman's time would be upon it, and this 
would be termed a dead or standing charge. Such items as staff salaries and 
expenses, coal, lighting, water, rates, insurance, rent, stores, depreciation of 
tools and plant, etc., are all included under this heading, and it is evident 
that locality and turnover will largely affect them. The same sized staff may 
be dealing in one works with double the turnover of another, and it looks 
therefore as though this charge would be a very uncertain one. So it is in a 
sense. Some places reckon that .their establishment charges average 50 
per cent, of their wages costs, others take 100 per cent., whilst nearly 
every figure between these two is used by some place or another. A works 
that is near coal may have high rates and dear water ; another which has 
light rates may have heavy lighting and coal bills ; again, a place that is well 
situated for the majority may have a high carriage rate and thus be forced to 
pay dearly for materials. In well-managed places there is a law of averages 
which brings them pretty much to the same point when everything is 
reckoned. A place with cheap labour will have dear coals and vice vend. A 
fair standing or establishment charge for yards doing a turnover in the 
cheaper forms of steelwork, such as plain bridge or architects' structural steel, 
with a total cost of up to, say, £14 per ton, would be 80 per cent, of the wages 
costs ; whilst for works dealing with the higher-priced work, light long-span 
bridges, swing, tilting, and other more expensive designs, 100 per cent, 
would be a nearer figure. It is, after all, a very rough-and-ready way of 
reckoning to charge a percentage on wages costs, since certain yards might 
very well be doing some common joistwork in one corner on which the 
percentage would not be more than 25, whilst in another part an elaborate 
structure might be costing 125 per cent. ; yet, for the purpose of the engineer 
preparing estimates, it will answer fairly well, and has the advantage of 
simplicity. 

(4) Painting, since the requirements of no two specifications are alike, is 
always considered as a separate item, and it is charged at so much per coat. 
Thus the man who wants four coats pays four times as much as the man who 
is satisfied with one. The amount put down varies from one shilling to half 
a crown per ton per coat. If all the painting is to be done before erection, a 
fair figure will be eighteenpence per ton per coat ; for those coats required 
after erection, half a crown per ton will not be too much. 
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(5) Packing, carting, and loading, etc., are again very liable to vary. 
On some contracts they will be practically nothing for home goods, but will 
be fairly expensive for export. If the place of delivery is in this country 
and there is nothing to be done but load on to trucks and dispatch, one 
shilling per ton will be sufficient ; if, however, extensive and careful packing 
has to be made for shipment, the cost might very well be five shillings, 
and on bolts and small stuff as much as fifteen shillings per ton. 

(6) Railway charges will be entirely dependent on how far the place of 
production is from the place of erection. If the source of supply is the 
Midlands and the place of consumption London, about twelve shillings and 
sixpence per ton will go in this. It amounts to practically the same thing if 
the work was made in London, since there would be the added carriage on the 
raw sectional materials. On the other hand, if delivery was to take place at, 
say, a south-coast watering-place, there might have to be included something 
like twenty-two to twenty-five shillings. The best means of arriving at a 
figure would be to take the distance of one of the likely competitors, and 
either get a railway quotation or reckon it a penny per mile per ton if carried 
on the midland or northern lines, and three halfpence if carried on southern 
lines. The only difficulty is that where there is competition for carriage 
much lower rates can be obtained than where a single company has a 
monopoly. It is always safer, therefore, to ascertain the rates for a given 
journey. There will be a variation as to the amounts to be carried ; 4-ton 
lots go cheaper than 2-ton, and quantities of, say, 1000 tons can generally 
obtain special quotations. 

The foregoing are the items which can usually be set down with a fair 
amount of accuracy by those not in the trade. There is no great technical 
skill required in their compilation ; common sense is the principal ingredient 
wanted. With Nos. 2 and 7, however, something besides this is necessary ; 
there must be accurate knowledge of the works and of the value of labour, 
and it is just this which cannot be imparted by any book. The only real 
guide the non-practical man can have is the memory of past experiences 
and prices and an attempted comparison between then and now. He cannot 
give any indication of the probable cost of any work he has not seen 
before. 

The price of labour must, of course, be directly dependent upon the amount 
of work required to be done, and as the relative cost of a design is determined 
by its labour cost, it follows that the labour requirements of the designer are 
the greatest factor in settling prices. If, then, the lowest possible amount is 
desired to be paid, or a moderate sum for a moderate amount of work, what 
has been previously said on the economics of design must be very thoroughly 
digested, and the engineer must make up his mind to curb his fancy by the 
pockets of his client, and study to moderate his demands in both drawings 
and specification. Let us look at one or two points which will further 
illustrate this. 

No two works will put down their labour charges at quite the same figure. 

7 
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For one thing, they will vary according to facilities, and for another it would 
be strange if so many men were found to hit on the same amount at the same 
time. Still, there is a certain resemblance, and what one place loses on one 
point it will gain in another, so that whatever figures may be given here, 
whilst they may not exactly suit a given yard, will yet be a very fair average 
of general results and experience. 

Ordinary riveted plate floor girders for warehouse work in ordinary 
lengths, and with well-arranged riveting and details, averaging, say, 35 cwts. 
to 2 tons each, will cost, punched, £1, 5s. per ton ; punched and reamed, 
£1, 12s. 6d. per ton ; and drilled from the solid, £2 per ton for labour only. 
This will indicate what the specification can do. 

The same girders with badly arranged riveting and details, showing a lot 
of unnecessary work, and arranged so as to save every ounce of weight without 
regard to work and trouble, will respectively average £1, 12s. 6d., £2, and 
£2, 7s. 6d. per ton for labour only. This will indicate what the drawings 
can do. It will be plain, then, that there is a good deal in the assertion that 
to the designer is chargeable the reproach that British steelwork is the 
dearest in the world. 

Now, if we analyse the labour cost of anything, we find that it resolves 
itself into the rate at which men can work ; and in trying to figure out the 
probable expense of anything, the only way is to take it in detail, and consider 
how long each element would take to make in labour. For instance, the 
manufacturer has men working for him at so much per hour; how many 
hours will it take one man or so many men to punch the holes in a given 
flange ? The rate the machine will work at is known ; the comparative skill 
of the men is known; judicious comparisons and a little arithmetic will 
elucidate the probable time it will take; the time multiplied by the rate 
yields the cost — the result being that for one element in the flange the 
money value is calculated. The planing, the straightening, the assembling, 
the riveting can all be treated in the same way ; and similarly for every part 
of the girder until the total value is reached. In this way would the estimate 
for labour be got out for entirely new work, and the truth of it would be in 
direct proportion to the power of the estimator to enter so thoroughly into 
it as to be able to forecast the hours which would have to be worked to 
accomplish each little part. 

Now, none but a specialist in steelwork could possibly do this, and soothe 
method is of no use to the designer. He needs figures he can use without 
having to enter so thoroughly and minutely into their derivation. It is very 
difficult indeed to indicate such as shall be fairly true, and yet broad enough 
to be used for his work. Practically, he must be given a series of representa- 
tive figures, which he will have to use his judgment in applying. At best 
this will be a makeshift, but it will be better than not knowing whether work 
of a certain type is worth five shillings or five pounds per ton. The best way 
for anyone who wishes to be able to arrive at fair prices with some show of 
accuracy will be to dissect all estimates which come his way, deducting items 
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1, 3, 4, 5, and 6, thus leaving a probable figure for 2 in the case of delivered 
only work, or 2 and 7 for delivered and erected. The exercise would be 
most instructive, and the figures obtained would then be compared with those 
here given. 

Freak figures are not desired. They would not help in any way, but 
would only confuse the real issues. It is not likely either that different 
firms would recognise the same figures as being applicable; methods of 
costing, hours of labour, situation of works, routine, management — all have 
their direct bearing on them, and consequently a variation of a few shillings 
per ton for different yards is to be expected. At the same time, any differ- 
ences will be within this margin, and so the figures given will be quite 
accurate enough for the purpose required. Fair average values may then be 
taken as follows : — 

Per ton. 
For rolled steel joists, holed and cleated, with template cut £ s. d. 
ends, . . . . . . .076 

„ compound girders and joist and plate stanchions, per- 
fectly plain, . . . . . . 15 

„ compound girders and joist and plate stanchions, bracketed 

and prepared for connections, . . . 18 

„ compound girders and joist and plate stanchions over 

25 ft. in length, . . . . .10 

„ plain plate girders averaging 2 tons in weight and under 

35 ft. long, . . .15 

„ plain plate girders over 2 tons in weight and over 35 ft. 

long, . . . . . . . 1 10 

„ fish-bellied or rounded ends 2 tons in weight and over 

35 ft. long, . . . . . .200 

„ built-up stanchions of good section and under 2 tons per 

piece or length, . . . . . 1 15 

„ heavy stanchions of good section and over 2 tons per 
piece or length, ..... 

^ „ heavy box-plate girders, 10 tons and over in weight, 
„ plain bridgework, plate girders, square spans up to 40 ft. 
» » » » over „ 

„ „ „ skew spans, 

„ heavy bridgework, plain, good work, 
„ lattice and open-web type bridgework, square spans up 

to 40 ft., . . . . . . 2 10 

„ lattice and open-web type bridgework, square spans over 

40 ft., . . . . .276 

„ lattice and open-web type bridgework, skew spans, 2 12 6 

„ heavy Linville or Whipple-Murphy trusses, large spans, 2 5 

„ light foot-bridges, lattice type of girders and stringers, .350 

k „ pin truss and light bridges of long span, . .350 
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Per ton. 
r For plain angle and flat riveted principals up to 30 ft. span, £ s. d. 
in large quantities, . . . .15 

„ plain angle and flat riveted principals over 30 ft. span, 
in large quantities, ..... 
„ smithed rounds and linked principals up to 30 ft span, 

quite plain, in large quantities, 
„ smithed rounds and linked principals over 30 ft. span, 
60 quite plain, in large quantities, 

„ light complicated roofs, plain, but much work, . 

„ „ „ all smithed connections, but 

much work, . . . 

„ light complicated roofs, in small quantities, 

The above list will cover the greater part of the steelwork annually made, 
and is intended for quantities. Single girders or pieces will come at a higher 
rate. Except where otherwise mentioned plain work only is understood ; the 
"refinements" mentioned in Chapter VIII. will cost more; in fact, it is 
possible by virtue of specification and drawings to put anything up to £2 per 
ton above the rates given on even perfectly plain work. Steelwork is not in- 
frequently let in small quantities at £40 to £50 per ton ; yet since the material 
will not vary so very much, nor any of the other regular charges, it does not 
take much arithmetic to find what is left for workmanship and profit. In the 
table the items under steelwork for buildings are for punched work ; all the 
rest are for punched and reamed — the usually accepted conditions for both. 

With these rates before him the designer should not get far wrong in his 
preliminary estimates. Care will have to be exercised in selecting for any 
particular job, and especially must it be borne in mind that any unnecessary 
work will send the amounts up very considerably. It would be possible to 
give prices for much miscellaneous work, but as they would not in any sense be 
representative, they would serve no purpose but that of confusing the user and 
are therefore omitted. It will be better, when estimating for anything not in 
the list, to take it part by part and so price it, this analysis serving, when 
collated, to determine the final price. 

As yet the question of profit is untouched. It is a very difficult one to 
allocate, and whatever is said thereon is bound to be the means of exciting 
unfavourable comments. Most men believe in making as large profits as 
possible ; others are content to keep going until time will bring the trade their 
way. Many years ago huge fortunes were made in bridgework ; but times 
have changed, and many large concerns now find it difficult to pay 5 per cent, 
regularly. The general practice in the trade is to take a percentage of the 
total costs, and adding this to them, thus fix their final prices. Some people 
add as much as they think they can get; others always stick to the one 
percentage. Of course markets rise and fall, and work which at one time can 
be bought for £12 per ton might at another time be worth XI 4. It is certain 
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that costs could not vary as much as these figures seem to indicate, and that 
therefore the lower price is a cut into profits. It will only be the maker who 
will be able to fix prices at the prevailing market rates, and it would be hope- 
less to expect the engineer to so closely follow these as to be able to say within 
a little what amount of profit, if any, the competition expected will bear. 
Very many jobs have to be taken at prices which leave absolutely no margin, 
in order to keep the shops open and the men together. It is better to keep 
tools employed than to let them stand ; and so long as the maker is not daily 
sinking money, but just keeping things going in slack times, he will be well 
content. On the other hand, if through limited competition, or that for certain 
work he is better placed than others, and so expects to be awarded the contract, 
he makes such jobs pay a good percentage in order to average a little with the 
others. This is but human nature, and business as we understand it. When 
a firm knows its neighbour is in competition with it over work, it considers 
everything down to the smallest detail ; and having a knowledge of the other's 
plant and facilities, attempts to bring its own prices to a figure which will just 
barely cut under the other. Close cutting, such as this, is, of course, a benefit 
to the buyer, since the profit expected may be cut so finely as to be near the 
vanishing point ; whereas, without competition, a good profit percentage would 
be added, and would have to come out of the purchaser's pocket. This is but 
one of the elementary principles of keen buying. 

Under the circumstances the best way for the engineer will be to take a 
fair percentage on the estimated costs and add this to them. He will then 
have a price per ton which he will be reasonably sure will be within 
probabilities ; and if in his buying he can place at less, he will know that the 
cutting has been keen and be gratified accordingly. Fifteen per cent, is an 
average amount which would be fair to both buyer and seller, and can be used 
with confidence for well-bought work. 

It is only right to point out that the different classes of work do not 
usually carry the same percentage. Thus the higher the price the more 
profit there will usually be in it. In the lower-priced jobs it is weight which 
tells and the turn over which is the essential. In heavy warehouse and other 
undertakings, where there may be some thousands of tons of the plainest 
work, perhaps scores of girders all exactly alike, and heavy units of 10 to 30 
tons each, the estimated profits will be cut very low indeed, and 10 per cent, 
on the tonnage costs would be looked upon as good profit. On such work a 
medium-sized yard could easily average an output of 100 to 150 tons per week, 
whereas on bridgework of the ordinary stamp it could not do more than about 
a third of this. As the profits are per ton, it follows that 5 per cent, on the 
first is as good as 15 per cent, on the second, and pro rata. If, again, more 
difficult work is in progress — say a swing-bridge or equivalent — the output for 
the type in tons will be exceedingly small, and a corresponding tonnage profit 
rate must be made. Many outsiders run away with the notion that if work 
is paying 10 per cent., this constitutes a handsome return on capital. 
Far from it in the majority of cases. Most of the yards of this country do 
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work of all classes, from common joists to intricate girders and roofs ; now, if 
one of them can get a run on cheap work and do the turnover; and its profits 
are 10 per cent, on costs, it may make a return on capital of 10 per cent., or 
perhaps a little more. But let the run be on bridge and roof work, and the 
percentage on costs the same, the return on capital will not be 3 per cent. ! 
As an illustration, suppose the capital to be £100,000; the normal turnover 
of the yard may average 4000 tons at an average price of £12 and a 
percentage profit on costs of 10 per cent. ; the nett profits will amount to 
£4800 per annum, equivalent to a return on capital of just under 5 per cent. 
Let there be an exceptionally heavy output of cheap work one year, raising 
the tonnage to 10,000 tons, and reducing the average price to £10 per ton and 
percentage to 8 per cent. ; now the nett profits will be £8000, showing a 
return on capital of 8 per cent. Further, let there be another year when work 
runs all on the light or expensive variety ; the tonnage is reduced to 2000, 
the average price raised to £20 per ton and percentage to 20 per cent ; the nett 
profits will be £8000 again, showing only 8 per cent. Thus the actual profit 
on the work in hand may easily be out of all proportion to the nett return to 
owners, and a very low expectant profit on cheap work is more remunerative 
than a comparatively high one on dear work. 

The 15 per cent, mentioned must then be taken to apply to average work 
selling up to, say, £14 per ton. Above this rate and up to £20 per ton, 20 
per cent, should be taken, and above £20 per ton 25 per cent, at least, whilst 
for cheap joistwork a keen market will often cut down to 10 per cent. 

Some of the more conservative and older established firms in the country 
will not join in this open competitive work and require their names to be paid 
for. They disdain the cheap trade and abhor joistwork, except as joists may 
be incorporated in more complicated structures ; a compound girder is hardly 
seen in their yards. These firms take the cream of the engineering con- 
structional work — the more complicated roofs, the light long-span bridges, the 
awkward and difficult jobs which require engineers to carry out and cannot 
be made with multiple punches and duplicate templates. Huge staffs have to 
be supported and extra skilful workmen paid, and work is turned out which 
has not its parallel in any other country of the world. The Americans have 
not the time either to design or to make it, the Germans have not the money 
though they might have the wish, the French reserve such work for exhibi- 
tion only — it is this country alone which delights to produce it and prodigally 
spend its money. There is great gratification both in its design and execution 
— of a purely personal nature. At the same time the firms engaged upon it 
are not philanthropists ; they have shareholders and directors to consider, and 
the ordinary rules of both estimating for and doing work will not apply to 
them. They take a great pride in their achievements, but their estimated 
profits on costs may be anything up to 50 or 100 per cent. For reasons 
already given they seldom pay over 7 or 8 per cent, on capital, and often not 
anything. Although the estimated profits per ton seem high, yet the vast 
expenses attendant on same, the long time they are in the shops, and the 
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small tonnage turnover all contribute to most materially modify profits on 
capital. 

The question of costs of erection is so absolutely dependent on locality 
that little real guide can be given. Position of work, distance from a railway, 
local facilities, local labour, surroundings, natural obstacles, traffic difficulties, 
height above ground-level and the like all have a marked effect on prices. 
There is not the same control over labour as at the yard, out expenses have 
to be paid, weather and other trades may be a hindrance, and so it happens 
that even firms themselves have very little real knowledge as to what it will 
cost. Every circumstance making both for and against is weighed as care- 
fully as possible ; the site is often visited and local information gleaned ; if 
air has to be used because of water, minute inquiries are made as to every 
item ; but the element of chance is so large even when all this is done, that 
the costs finally put down are always looked upon as more or less tentative. 
On some work, such as large buildings or warehouses, it has been possible to 
rather narrow the risks, but on bridge and analogous undertakings there must 
always be uncertainty. Personal foresight or acumen will help one man to 
arrive at a more correct figure than another, but this does not remove the 
calculation from its element of guesswork. 

Plain structural steelwork, when there are no hindrances from other 
trades, strikes, lockouts, weather, etc., can often be erected for about £1 per 
ton. On the other hand, if the site is awkwardly situated, badly approached 
or confined, and the steelwork at all difficult to handle, this may be increased 
to thirty or thirty-five shillings per ton. Bridgework will vary from the 
plain square-span plate girder type on road levels at thirty shillings per ton, 
to the light long-span high bridge erected under traffic at perhaps J&4 to £b 
per ton, or the deeply sunk caisson or cylinder type, where, according to the 
nature of the ground, costs may be anything from £3 to £10 or £15 per ton, 
or even more. Generally a railway bridge of moderate span can be put up 
under traffic for about £3 per ton, though this all depends on the help 
afforded by the railway company, who may at times so assist as to make £2 
per ton a nearer figure. Large bridges may cost more to erect than to make, 
and it would be folly to attempt to even outline any figures at all. If even 
with all drawings and the fullest possible particulars available an experienced 
estimator can but make a guess at prices, it is evident that if any figures were 
given here they would but be misleading. It must be sufficient to state that 
erection prices for the ordinary grade of work under ordinary conditions vary 
from between £1 to <£2, 10s. per ton, according to the weight involved and 
the requirements to be met. A light job in an isolated spot is bound to cost 
more than a heavier one — perhaps just as difficult — in an accessible spot. It 
is repair and extension work which is the most costly in erection. All work- 
manship at site beyond that needed for merely placing pieces in position and 
fastening up will cost anything over double the rate in the shops. If tools 
and tackle have to be sent on site, and rivets cut out or cutting or fitting be 
done, money is very quickly spent ; whilst if all that requires doing is merely 
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lifting into place and bolting up, it is often surprising how little the cost 
actually works out at. 

As an instance of the way this method of estimating works out, let us 
instance the case of a roof with span of 60 ft. and angle and flat principals. 
The total weight is 70 tons, and the place of delivery London. It is supposed 
the work will be made within 120 miles. The specification is reasonable — 
punched and reamed holes, two coats of paint ; the sizes figured are market- 
able and easily obtained. Figures will be obtained somewhat as under : — 



Steel and waste, 

Labour thereon, 

Standing charges, 80 per cent., . 

Painting, . 

Packing, carting, etc., . 

Railway chafes, 


£6 2 
1 7 
1 2 
3 
1 
10 


6 
6 



6 


Total costs, 
Profit* 15 per cent., 


. £9 6 
1 8 


6 





£10 14 


6 



This would probably be called £10, 15s. per ton, f.o.r. London; and if it 
was expected that a discount of 2 J per cent, would have to be made on pay- 
ment, this might in cases be further added. If the work had to be erected at, 
say, a height of 30 ft. above ground-level, and access and all conditions were 
easy, a further £1, 15s. per ton might be added, made up of £1, 7s. 6d. the 
expected total costs, and 7s. 6d. extra profit and to cover risks, etc. 

If, now, the design for this was of smithed rounds and links, otherwise 
fairly plain, with the weight and all conditions the same, the labour charges 
would be about £3 per ton and the standing charges £2, 8s. This would 
bring the costs up to : — 



Steel and waste, . 
Labour thereon, . 
Charges, 80 per cent., . 
Painting, 
Packing, etc., 
Railway charges, 


. £6 7 
3 
2 8 
3 
1 
10 


6 




6 


Total costs, 
Profit, 15 per cent., 


. £12 10 
1 17 



6 




£14 7 


6 



It will be seen how rapidly the price mounts when more work than need be 
for safety and strength is put into steel structures. Where the labour costs 
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are high, the time spent must be longer, the turnover and tonnage output 
less, and standing charges and other expenses are bound to follow suit. 

Success in estimating from the designer's, point of view will lie in ability to 
make comparisons and a retentive memory. Given these, it will not be 
difficult, after some experience and study of conditions, to forecast the probable 
cost of work to the buyer within a reasonable margin — say 10 per cent. At 
the same time it will be obvious that since the outsider cannot know the 
prevailing trade outlook so accurately as the manufacturer, it cannot be 
expected that he will be able to precisely forecast what the latter will 
charge. 

Success in estimating from the manufacturer's standpoint will lie very 
much in the system of prime costing adopted, and the method used in 
applying or making use of the results so gained. This ground has been 
covered by the articles in the Engineer on "The Preparation of Estimates," to 
which the trade reader is referred. 



PART IL— PRACTICAL SHOP WORK. 

CHAPTER XII. 

OFFICE ROUTINE. 

In considering the works side of constructional steelwork, it will be necessary 
to make continual references to what has been said in previous chapters. 
Neither the works nor the designing engineers possess a monopoly of 
common-sense observances and maxims, and what is applicable to the con- 
sultant is also applicable to the works drawing office, and vice versa. The 
pity of it is that the theoretical and the practical man do not know more of 
each other. Were each as conversant with the other's views as they might be, 
not only would there be very much less friction than is sometimes the case, 
but the whole home and foreign trade of the country would be immensely 
benefited. So long as both pull opposite ways, unity of action is morally 
impossible, and the two forces will each blame the other for what is but the 
result of their mutual unacquaintance. So that if this section of the book is 
to be of any help to the manufacturer's draughtsman, it can only be so in 
conjunction with the preceding chapters. 

When drawings enter the works drawing office after a contract has been 
let and signed, for the purpose of preparation for the yard, in most establish- 
ments a certain routine is observed. The advantages of method in dealing 
with everything are so well known that the passage of a design from the 
engineer's conceptive drawings to the girder-yard foreman's working details is 
nearly always by a routine system, which has either been gradually evolved 
during the growth of the works or adopted from elsewhere. The exact 
procedure is probably not alike in any two cases — variations will always be 
made to suit individual preferences or exigencies of special business, and it 
would be a difficult and, at the same time, a foolish thing to say which system 
is the best out of the hundreds devised. There cannot be a b*sb in that sense ; 
scores are bound to have features of great merit, and to be better in some and 
worse in other respects than each other. So long as they fulfil what they 
were intended to in a satisfactory and economical manner, no fault should be 
found with them. It would be impossible to describe here a number of these 
systems, or to compare them to any advantage; an attempt will therefore 
only be made to outline one, which has proved itself exceedingly satisfactory 
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in working and which is amongst the most economical known. It is not 
claimed that it is better than the best, but only that there are none better ; 
it will be freely admitted that there are others equally as good and effective. 

Whatever the routine adopted, the essentials are that it should be 
(1) simple, yet of maximum efficiency; (2) economical; (3) expeditious; 
(4) entail as little work on the department as possible. To this end 
everything superfluous should be pruned away. It is generally admitted 
that checks on labour and calculations are necessary; but so long as a 
proper check is instituted, there is no need to "check this check," and 
perhaps again recheck, as is the case with some methods. Where such 
multiplicity of checks has been found necessary in order to eliminate all 
errors, it is time some of the staff were also eliminated. A very good rule is 
never to trust to one man's work absolutely, but to give it an independent check ; 
when this has been done, everything needful and advisable has been attended 
to, and if errors still exist disciplinary measures should be taken. There are 
works where three and sometimes four men separately go over the same thing 
— there is nothing economical here. There are usually sadly too many clerks in 
the drawing office — or juniors who seldom get a chance of being anything else. 
Clerical work should be reduced to the absolute minimum, compatible with 
efficiency ; draughtsmen have had too expensive an education for such 
labours. In some offices every job is furnished witli numberless sheets of 
quantities and figures, which none but the skilled therein can decipher, and 
which have cost untold labour and time. In others the reverse is the case, 
and drawings are forwarded into the yard with the draughtsman's benison, 
but bare of any other accompaniment. The one is prodigal of the time of the 
staff, the other of the time of the foreman and his platers. Both are 
expensive ; but considering how seriously ruinous the latter can be if they 
misinterpret, perhaps the former is the least evil. There is, though, no 
necessity for extremes either way; the mean is what is required. 

As previously noted, when drawings are received they are seldom in a fit 
state for the shop, and the first thing to be done is for the chief draughtsman 
to personally carefully examine them and compare with the specification. 
Frequently he will find contradictory statements, and these are to be carefully 
noted, and, if inexplicable, referred to the engineer for settlement. In fact it 
is always the best and safest plan to draw attention to all such matters, 
either asking for a decision or stating the course being followed ; the 
designer has then an opportunity of revision. The specification is usually 
deemed to be of more moment than the drawings, and a detail than a 
general view; if a large-scale detail is plain and explicit, it will of itself 
settle any question raised on the smaller-scale portions. There is no need to 
raise queries unless there is room for evident doubt ; it is foolish to fear to 
trouble when in doubt. 

When a general idea has been gained of the drawings and their more 
obvious defects and deficiencies noted, they should be handed over to a com- 
petent man for working lists of materials to be made. These lists serve a 
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twofold purpose : they indicate to the girder yard the size and dimensions of 
every piece of material required, however small, together with its position 
in the job, and they are used to order the steel, etc., from the mills. A 
working list is of great value in the shops, as it enables the foreman and 
plater to select the sizes and set aside the right stuff, as also giving them 
great aid in rapidly following the drawings. To the template shop it is in- 
dispensable ; without it the template-maker would l>e unable to always under- 
stand what was in the draughtsman's mind when he ordered the steel, and 
delays would occur and questions have to be answered. 

It is usually imperative that the orders for material should be got out 
with as little delay as possible; and if prices have not previously been 
obtained, a rough table of sizes and approximate weights should be first drafted 
and sent in to the order department, so that bottom prices may be assured. 
Mills do not care to give their best rates unless they have the proposed speci- 
fication before them, and if there is time it is best to get this out ; but with 
time becoming more and more "the essence of the contract," it is not always 
practicable to delay until this is done, and in that case as careful an estimate 
of quantities should be given as can be got out. Some men are very capable 
at this work, and can rapidly and with a surprising degree of accuracy ap- 
portion probable total weights to different sections. The best man for the 
purpose should always do this, and in medium-sized offices it will be the 
chief. A good way of getting out the sections is to take foolscap, and as the 
different sizes are noted put them down along the top of the page, ruling a 
column to each size. Then take each girder or part separately and jot down 
its sections in their proper columns ; exact lengths or widths will not be 
necessary so long as a fair estimate is being made. When the job has been 
thus roughly analysed, the weights should be run out, by adding together all 
the lengths of any one section and figuring these at the known weight per 
foot-run. A sheet done in this manner would appear as under : — 



2 J* x 2i"LA 



18/6' 
28/18' I 

Etc. 



3* x 8* LA 



6/20' J* 
10/8' 
40/2' 
Etc. 



Si" x Sl'LA 



18/18' 4" 

eo/io' j w 

120/1' i" 
Etc. 



4" x 4* LA 



100/5' J 
3/6' i 
6/8' 
Etc. 



6 W x 6" LA 



20/40' 
60/8' ft 
80/20' 
Etc. 



3" flats. 



120/8' 
200/4' 
300/1' J 
Etc. 



4" flats. 



60/8' | 
120/10' I* 
4/5' J 
Etc. 



6" flats. 



40/5' 4* 

20/10' 4* 

40/10' 4* 

Ktc. 



5* x 24"CA 



100/6' 

5/8' r 
io/7' r 

Etc. 



A man fairly good at mental arithmetic would not trouble to write the 
numbers down, but would run out the feet-run as he went on; thus the 
4 in. x 4 in. L* and the 4-in. flats columns, for instance, would read respectively 



as :- 



500 


• Y 




480 


1 


18 


Y 


and 


1200 


t 


48 


Y 




20 


* 
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Juniors would total the lengths and find the weights as the sheets were 
filled. By adopting this method a fairly close schedule of quantities can be 
given to the mills, who would receive it in this form, together with a copy of 
the test and other applicable clauses from the specification : — 

80 tons 3£" x 31" x \" angles. Usual lengths. 



20 
140 
60 
90 
40 



#/ 



3F x 3*" x | 
4" x4" xj 
6" x6" xf 
3" flats. 
4" 
Etc. Etc. 



i) » 



They will then be able both to give close prices and state dates for deliveries, and 
it will be understood that the usual extras will be chargeable. It is worth while 
being at this trouble, as bottom rates will not be given unless something is 
known of the specification, and of course time deliveries could not be stated. 

It is generally found best to purchase through merchants. These firms 
make contracts with different mills to take so many thousand tons in the 
twelve months, or for any other stated period, and usually deal with several 
mills. They therefore possess the advantage of being able to place orders 
either in part or whole according as to whether the delivery required is 
urgent or not. All mills are not rolling 4-in. flats or 4-in. x 4-in. angles at 
the same time, and so it follows that by judicious placing considerable saving 
of time may result. Merchants enter into their contracts according to their 
estimate of what they can sell and the probable state of the market during 
the coming period. They may thus stand either to make or lose money, as 
they must compete one with the other to an extent. The arrangement suits 
the mills, since they get a guaranteed output and are relieved of the necessity 
for seeking sales. Some large bridge yards contract also in this manner, but 
the average maker buys as he requires from the merchant. 

Whilst prices are being settled, the drawing office should be proceeding with 
the detailed working lists. They should be written first in pencil and then 
independently checked before being finally adjudged correct. There will, 
perhaps, be several points about which doubt is felt, and these should be 
queried and a note made in the margin to the effect that the particular plates 
or sections were ordered of such and such dimensions, so that the plater may 
be able to identify the materials. When only just as much steel is being ordered 
as is necessary for the job, it is plain that if any of it is misappropriated there 
will be trouble somewhere ; if the sizes are made so that they will cut to the 
longest or largest dimension which might be required, the order can be passed, 
and if a little has to be cut to waste it will be better than delaying until 
an open question is settled. 

The lists for the shops will be written on ruled "list" paper, which 
should be a very strong foolscap specially made for hard wear ; a good ruling 
will be as follows : — 
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Working List of Steel. Order No. 653. 



1' 0" deep at ends. 
I' 6" in centre. 



Web plates 
Top flange (flat) 



» 



Bottom „ 
Etc. 



II II 

II 
II 



For 1. 


For 20. 


1 


20 


1 


20 


1 


20 


1 


20 


1 


20 


Etc. 


Etc. 



Cross girders, 20' 0"; 

Centres of main do., 

f 19' 10J" long, 

1' 0" deep at ends, 

I' 6" in centre. 



19' lOf" x 1' 6 J" x f 

19'10fx 10" x J" 
10' 0* x 10" x 
20' 3" x 10" x 
10' 3" x 10" x 
Etc. 




The heading " Working list," etc., will be in heavy black letters and appear 
on every sheet ; the vertical lines will be faint red, and the horizontal the 
ordinary blue ruling. The written heading indicates the particular piece or 
pieces to which the under items belong ; the first column contains the location 
of each several piece of steel, the second the number required for one, the 
third the total number required for the lot and therefore the quantity ordered, 
the fourth the finished dimensions, and the fifth any particulars regarding same 
which are to be noted. It will be seen that the web plate, for instance, is ordered 
rectangular, whereas it will be of a very different shape ; and this shape is shown 
in the last column as a guide to the plater, who will know that he is expected 
to have it cut to the proper sizes in the yard. For the same reason the bottom 
flange plates are shown as having to be bent to figure. With this list to guide 
him, any workman will be able to at once see which plate or section is intended 
for any particular position, the size it must be finished to, and also those it 
should come in at from the mills. When it is ordered of a different size to 
which it should finish, the fact is noted in the last column and, if necessary, a 
sketch given. All special notes or explanations advisable will always be found 
here. Each girder, stanchion, or piece will have its own list of materials, so 
that when a job is in a hurry several men can be at work simultaneously ; 
it will only be when several pieces are exactly alike that they will be placed 
together ; any variations, such, for instance, as the end cross girders on a skew 
bridge, which gradually decrease in size, should have separate lists to them- 
selves. Taking an ordinary railway bridge, consisting of two main girders 
alike, cross girders, rail-bearers, and dished plate flooring, there would be — 

(1) A list for the two main girders. 



(2) 
(3) 

<*) 
(5) 

(6) 



II 



II 



II 



II 



II 



all cross girders which are alike, 
odd cross girders (a list to each), 
all rail-bearers which are alike, 
odd rail-bearers (a list to each), 
flooring. 
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When the lists have been checked it is the practice in some places to 
write them in ink over the pencil, letting juniors clean them up for the yard, 
and in others to make fair copies. Either may be adopted according to the 
size of the staff, the latter way making the most presentable job ; if this is used, 
the whole of the matter must be checked by two men, the one reading the 
copy aloud and the other following with the originals. Small yards will only 
need one copy of the lists, larger ones may want two or perhaps three. 
No more should be made than is necessary ; at the same time the foreman 
should be consulted, and if a push job is in, and an extra copy will facilitate 
arrangements, one should be made. Instead of writing all the copies some 
drawing offices write one on tracing paper and then photo the remainder with 
the blue process. Each place will adopt the cheapest plan. Occasionally 
there may be some stock material in the yard which it is desired to use up for 
packings, etc. ; when this is the case the lists should be marked " stock " in 
the fifth column against the selected items. 

The lists made, the " Orders for materials " must be drafted from them. 
At times this is a tedious operation and is somewhat akin to that of deter- 
mining the quantities for prices, except that now the exact lengths and sizes 
will be taken from the working lists. All plates, angles, tees, channels, etc., 
should be brought together similarly, the numbers for each length being 
particularly noted until the whole of the material has been collected. Then 
the ordering list can be written up, all similar sizes and lengths being added 
together, resulting in sheets approximately as under : — 



Order for Material. 




35' 0J"x2' OJ'xJ 
30' 0|" x 2' 0fx| 
10'8|"x2' : "x 
30'9j*xl' 10<"x 
16'6|"xl' 9fx 
Etc. 

40'0 i, xl6"x£" 
30'0"xl6"xf" 
25 / </ xl2"x| ir 
10'0"x 9"xf 
Etc. 
6" x 6" x f * x 35' 0" 
6" x 6" x |" x 20' 0" 
4* x 4" x \ a x 36' 6 
4" x 4" x ~ 
4" x 4" x $ x 
Etc. 



* x 32' 9" 

"-- V 6" 



Occasionally some of the plates will be known as " sketch " plates ; that 
is, they are required to be sheared to irregular outlines, and of which a 
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dimensioned sketch is put in the last column. Care has to be exercised so 
that the cost of thus cutting them will not be more than the loss of the 
waste if they were sheared to size on arrival at the girder yard. The mills 
will not object to a reasonable proportion, but it is evident that someone 
must stand the loss of the waste (the surplus material sheared away), and 
they cannot be expected to do too much of this. Often the extra cost for sketch 
plates will be fifteen shillings or £1 per ton, and if it can be so arranged that 
what has to be cut away can be utilised for packings, angle pieces, or other 
small odds and ends, it will often pay the girder yard to do its own shearing. 
If mills know that a large proportion of the plates required are to be thus 
cut, they will either raise the price all round or specifically charge an extra 
for them. Consequently the relative costs must be considered before asking 
the mills to do the shearing. If a lot of corner pieces are required cut at an 
angle of 45°, two can be placed together and ordered as a rectangular piece, 
the shearing apart being done on arrival at the yard. 

It will be noticed that in the order for plates an odd £-in. is added to 
both lengths and widths. This is equal to a margin of £-in. all round for 
planing down to exact size, and is therefore only required on planed plates. 
It is the custom to order flats, angles, channels, and all sectional material to 
the nett required dimensions. It is often possible to save a little weight in 
ordering short lengths of angles and flats, etc., by putting several together 
to form long bars. Thus if, say, 1200 flats 3 in. x J-in. x 1 ft. long were 
required, or 1200 angles 3 in. x 3 in. x |-in. x 1 ft., they could be cut from 
50 bars 24 ft. long, or, adding to this £-in. for each cut required, 24 ft. 
6 in. long. Material is saved, because if the mills cut them to length 
they would all come in a trifle long, and this would have to be cut off each 
one. Since cuts must be made at the yard, they might as well be done 
first as last. Besides, the mills charge generally about five shillings per ton 
extra for cutting to short lengths, and, again, the girder yard does not care 
for a whole heap of these lying about for some time before they are required ; 
they are only liable to get lost or taken for something else ; so that there 
are many advantages to be gained. 

A copy of the tests and conditions of rolling and inspecting from the 
engineer's specification should be put on each order sent out as a precaution 
against trouble. The mills should have no need to have to refer to separate 
letters or statements re same ; if they are put on the order, trouble to both 
parties is saved. Needless to say the order lists should be very carefully 
checked with the working lists ; this is responsible work and should not be 
left entirely to juniors. The working lists should be read out, and as the 
various quantities arrive they should be ticked off or the numbers set down 
in pencil opposite the proper items. Since any item in the order may be 
compounded of a number of small ones from the lists, aggregates must be 
particularly ascertained. It must also not be forgotten that when short 
pieces are ordered in long lengths, the working lists are to have a note to this 
effect put upon them. 
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The order safely despatched, attention can be given to the getting ready 
of the drawings for the shops, though of course this could have been got on 
with so soon as the working lists were made. The general state of unfinish 
and vagueness which pervade many of the drawings received often render it 
necessary to draft them completely afresh. At times this is so bad that the 
list of materials cannot well be got out until some drawing has been done, 
and where this is the case much delay is bound to occur. Occasionally, 
and generally with Government or railway work, nothing wants doing save 
the making of exact copies for the shops, and the drawings can be turned 
directly over to the tracers, thus saving much expense and time to the 
manufacturer. More often, though, there are various details which are not 
clear, or essential views omitted, and which must be rectified. If the job is 
urgent and part of it is quite clear, so much can be at once sent into the 
works and a start made with the templates whilst the remainder is being 
elucidated. 

It will be the chief draughtsman to whom the efficiency or otherwise of 
the shop drawings is due. More rests on his shoulders than many managers 
are willing to admit, for on his arrangements and system will depend the 
whole sweet working of the job. If his drawings are clear and precise on all 
points, his lists absolutely correct, and he sends them out judiciously and at 
proper times, there cannot well be room for hitches in making, other than 
trouble with the men or machines. If, however, the drawings are incom- 
plete and the lists inaccurate, and both are sent out irregularly without any 
regard to girder-yard conditions and wishes, his office will be a constant 
rallying point for foremen, template-makers, and platers seeking explanations 
of obscure points or the reconciliation of conflicting statements. Work 
cannot be made either well or quickly under such conditions, to say nothing 
of the added cost. The " chief " should always personally inspect everything 
before it goes into the shops. In a small or medium-sized office he will 
have time to generally superintend everything and be able to satisfy himself 
at every stage that matters are properly developing. In a large office, where 
there may be fifty or sixty draughtsmen, his many duties will not allow of 
much attention to details, which he must delegate to the various leading 
draughtsmen; but he should always make time to assure himself that his 
system is working correctly, and that drawings and lists do not go into the 
shops except in proper form. There is bound to be a vast difference between 
the conduct of a large and small drawing office, and what is suitable for one will 
not be suitable for the other. In the one personal oversight at every point 
being practicable, the question of routine working is not perhaps so vital ; but 
in a large establishment it will be absolutely necessary to successful working. 
With a well-thought-out system in proper operation, work will come through 
smoothly and quickly and with the minimum of errors. The personality of 
the chief and his own habits will infallibly shape the general conduct of his 
assistants ; a slack chief will have slack men and vice versd. Mistakes will 
happen at times in spite of every precaution, but some men are noticeably 
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freer from them than are others ; and some offices will, in the same way, have 
less to worry them on this score than will others. With proper routine a 
mistake will not be due to carelessness or incapacity, but only through the 
human failing of not being always able to guide destiny. 

In very few constructional offices is it now the practice to ink in drawings, 
or indeed spend any more time on them than just sufficient to thresh out 
what is wanted in pencil. If full drawings have to be prepared, they will be 
the barest outlines only ; all the fill-in work will be done on the tracing, which 
will then become the drawing for the job. This is much quicker, more 
economical and satisfactory than the older way of inking in and filing away 
cumbrous sheets of thick drawings. The tracing, which should be on the 
best linen, takes up less room than does drawing paper, will stand very much 
more handling, is generally clearer and easier to read, does not get dirty, 
and will not tear easily. The best linen is recommended, because in the 
end it is the cheaper. Through its greater transparency a pencil drawing 
will be the more rapidly traced, whilst the photo copies will be all the 
clearer and sharper. Common linen is very suitable for shop use when 
blue prints are not suitable, and for erection tracings, but it should not 
be used for office copies. 

The question of what is and what is not necessary to be shown on shop 
drawings is a debatable point. Some American works separately detail every 
small part of a girder or structure, so that the template-maker has no thinking 
to do, but only makes his templates, exactly as the small-scale reproductions 
given him represent ; in others, no templates as we know them are made. 
British practice is to show and dimension everything, and to let the template 
shop do a little scheming. Both systems seem to work well in their respective 
homes ; probably they are each best suited to their own class of work. 
Anyway there seems no reason why our present practice should be altered ; 
the only thing is to ensure that it is always working at the highest state of 
efficiency. This will be so when the minimum of draughtsman's time gives 
the maximum of information to the shops, or when the template-maker gets 
all the details he needs at the least trouble to the draughtsman. General 
elevations and plans should always be first given, even if to a very small scale, 
and then all joints and connections should be drawn to a large scale. The 
aim should be to so arrange that everything can be thoroughly followed and 
quickly read. Dimensions should not be spared, but be profuse; it ought 
never to be necessary to use the scale on a drawing in order to determine a size. 
If a large Linville girder, say, is being drawn, an elevation to £-in. scale is desir- 
able, or, if several bays are exactly alike, to £-in., when it can be broken, with 
a plan to the same scale under. On the elevation the junctions of diagonals 
and verticals to booms should be lettered, any two or more alike having the 
same letter, and larger details of each different one should be given, say to 
l£-in. scale. The booms should be separately drawn in diagram to ex- 
aggerated scale, so that there may be no error regarding them, and the joints of 
webs and main angles should be clearly shown. The riveting in every part 
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must be precisely stated or shown, and given in detail for all joints ; in fact 
there must be no room for doubt left in the mind of the workman as to the 
intention at any one point, otherwise the drawing fails in an essential. 
Better give too much information than too little, though neither course is true 
draughtsmanship. Curiously, it is often in the simpler work where there is 
dearth of information ; in drawing a web-plate girder, for example, of either 
single-web or box formation, and especially if there be many connections 
thereto, the draughtsman is apt to be content with an elevation and section at 
centre. It may be all logically arranged in his brain, he may be able to 
mentally see every single rivet, but unless he can lend the brain to the 
template-maker, it is not going to be clear to him unless everything is shown 
in black and white. A web-plate girder needs an elevation to as large a scale 
as can be conveniently drawn with the riveting plainly marked, a plan half 
on top and half through the web, and sections wherever there is a connection, 
one section to each different connection and a section at centre. If there are 
many flange plates, these should also be drawn to an exaggerated scale for 
both flanges, so that the joints can be plainly indicated. Figure everything ; 
the lengths of the plates, the position of all joints, depths, thicknesses, rivets, 
and sizes all through. Leave nothing for the girder yard to decide, or to 
chance. The draughtsman is the designer, not the plater ; and if he is of any 
use at his job, he will know intimately every little corner of his design. In 
more complicated structures, more drawing is necessary for office information 
as well as that of the yard. In an involved roof, such as is becoming the 
fashion in large public halls or buildings, theatres, and the like, the draughts- 
man has to make many views before he can grasp entire arrangements, 
and the works benefit to this extent ; the most likely things to be forgotten 
are specific details of slight variations in connections ; yet connections have 
to be made, and so someone has to worry them out. It is a vast deal cheaper 
to do all such worrying in the office. The draughtsman should always try to 
put himself mentally in the place of a stranger to the job, and remember that 
the stranger's sole source of information lies in the drawings which are put 
before him ; he would be better able to realise then how vexing and disconcert- 
ing it is to search view after view in quest of a dimension or a guide to a small 
connection. Template-makers' and platers' time is valuable time, and when 
spent in searching drawings is so much money lost. 

When the drawings have been finished in pencil, they are to be traced. 
Some works still believe in sending nothing but cloth tracings into the yard, 
but the great majority have adopted one of the many photographic processes 
and use prints. Cloth tracings are certainly preferred by the works, and 
where a great deal of handling has to be done are still unbeaten; but for 
average work, which is quickly in and quickly out, they are too expensive. In 
the first case, the cloth costs anything from two to five times as much as does 
sensitised paper ; and in the second, it means, perhaps, two or three days of a 
draughtsman's time against a few minutes by the photographer. A girder 
drawing which will take a whole day to trace, and will cost, say, seven 
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shillings in the tracer's time and one shilling and sixpence for material, will 
cost threepence in time and sixpence or ninepence in material at the outside 
if photographed. Of course, the office copies must always he traced, and these 
are usually utilised as the negatives for the yard copies. Tracing paper is not 
satisfactory, except for use in sending away. It is altogether too fragile for 
either office or works use. 

There are many excellent photographic processes now which can be 
employed. The old and well-known white lines on blue ground or ferro- 
prussiate paper, blue lines on white ground, black lines on white ground, and 
brown lines on white ground may be instanced. Of these, those needing the 
water-bath only are preferable — chemicals are not only messy and expensive, 
but are so apt to rot the paper through improper use. The ferro-prussiate 
paper is the cheapest and best for all-round work still; but it cannot be 
coloured or worked on to any extent after making. The water-bath, black 
lines on white ground process, which can be obtained from most makers now 
under various names, is the best when either of these points is a consideration. 
It is slightly more expensive, but its advantages quite outweigh this. With 
the brown process, prints can be procured from the drawing without the 
medium of tracings if the lines are in good black ink. This is done by first 
taking a negative from the drawing and then a print from the negative. The 
texture of the drawing paper is apt to show a little ; but in those cases where 
important plans can only be loaned for a few hours, its use is of great value, 
and such small drawbacks need not be counted. It will pay, though, when 
a print is obtained, to take a tracing from it, as the paper sometimes goes 
wrong subsequently. 

It is possible to obtain both sensitised paper and cloth, and the latter is 
of value for rough handling. It is not quite so easy to manipulate perhaps, 
but at times this would not weigh with its advantages. An electric printing 
outfit is almost indispensable to the modern drawing office to supplement 
the daylight frames; by its use printing can be carried out independently 
of the weather. In fact, in large offices the work could not be got through 
without its aid. 

The question of how many copies must be made for the works will depend 
on the size of the establishment. For a small place one copy of each drawing 
will suffice ; for a large one two sets should be made — one for the foreman's 
office, the other for the shop. It is the rule in some works to make separate 
sets for the manager, foreman, template shop, and plating shop, and extra 
copies as required. Naturally this runs to very great expense in the course 
of the twelve months, though not perhaps seeming so heavy at the time. 
More than three sets should not be required by the largest yard, one to be 
kept in the works or foreman's office, and the other two for the template shop 
and erecting shop respectively. What has to be guarded against is that more 
time shall not be spent in going after drawings than another set would cost to 
make, and this must depend largely on the individual peculiarities of each place. 
The cheapest course is the one to be pursued by every establishment. 
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Many offices are slack in their attention to erection marks. Whether the 
works has to erect or deliver only, someone has got to put the work together 
again at site— our railways will not yet take bridges and pit-head stocks in 
one piece. Generally it is left for the shop foreman to paint certain hiero- 
glyphics on different joints, and a junior from the drawing office copies them 
and puts them on a tracing or print to serve for the erectors. This is not 
business ; it is a most haphazard way of treating matters. Erection marks 
should be arranged in the drawing office. The objection that the draughts- 
man seldom knows how best to joint work for despatch is unsound. If he 
does not, then he is lacking in his business knowledge, and it is time he 
remedied matters. 

A good system of checking drawings and lists into the shops should 
always be in use, otherwise continual trouble will be the result. Every 
separate tracing, drawing, or print which leaves the office should have an 
identifying number. This should be entered into a book properly ruled 
with columns for the number, date of leaving office, job, works mark or 
contract number, destination, whom sent out by, and manner of sending, 
somewhat as follows : — 



Drawing 
No. 


Date. 

14/8/04 
»» 

Etc. 


Job. 


Mark. 


Destination. 


Sent 
by 


How 
sent. 


01284 
01285 
01286 
01287 


Bass' Brewery contract No. 3. 
Troon road-bridge 
Johannesburg tanks 
Etc. 


B3. 
T.R. 
J.T. 
Etc. 


Qirder shop 
Surveyor 
Glynn & Co. 
Etc. 


A.B. 
A.B. 
A.B. 

Etc. 


Boy 
Post 
Post 
Etc. 



A complete register is thus kept which can be referred to at any time, 
and which puts all essential facts beyond cavil. The "mark" or contract 
number, whichever is variously preferred, is merely the shop name for a job. 
It is usually considered best to distinguish work by such means, and its real 
destination is not then supposed to be known in the shops. It is very 
questionable whether there is any advantage, but the practice is general, 
the only point being whether letters or numbers are the best to use. 
Personally, letters are preferred, since they can be arranged to form some 
clue to aid the memory of the staff, whereas it means a distinct effort to 
carry in mind isolated numbers. In some works a further column is added 
for the foreman's signature when receiving drawings, but this is of doubtful 
value. If the office is large and there are many draughtsmen, it will be 
better to add columns for " drawn by," " traced by," and " checked by " ; 
otherwise, in case of errors, it would be difficult to locate the responsible 
parties. On the whole such a register should be kept as simple as the size 
of the office will allow. 

With regard to the sending out of the working lists, these ought to be 
press-copied, so that an exact duplicate will always be in the office. It is a 
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great improvement to type instead of write them, and then they can be 
manifolded. A small office could not keep a really expert typist going, and 
occasional typing by juniors is not to be recommended when so many 
figures are involved. But in a large place two or three typists can find 
work, and typed lists are preferable in every way to written ones. 

When payment is to be made by weight, either calculated or actual weighed 
weights, the working lists will be used on which to base the calculations. 
Since they contain every piece of metal used, large or small, they are 
obviously the very best thing to utilise. Each item can be readily and very 
quickly run out in pounds and totalled and turned into tons and cwts. for 
each complete girder or piece. A little practice will enable one to carry the 
weights per foot-run of sectional material in the memory, and it is then 
only a question of a few minutes to determine what is required. Needless 
to say an independent check should always be given to such figures. It is 
customary to estimate the weight of mild steel as being 40*8 lbs. per square 
foot of 1 in. thick, and all tables are drafted on this basis. Calculated weights 
should be compared with the results shown by the weighing machine, when 
errors on either side can be detected and adjusted. It is astonishing how 
closely the two will approximate; if lists are thorough and material exact 
to size, a variation of 2£ per cent, either way or an extreme of, say, 5 per cent, 
is generally all that is found. Should this be exceeded, the matter should 
be further probed. 

It must not be forgotten that copies of those items of the specification 
which refer to the method of doing work must accompany the drawings into 
the shops. These should be properly booked out, so that there may be no 
mistake as to their having been duly sent. 

Questions of office equipment, arrangement, and usage are not properly 
germane to the present purpose, nor the relation of the drawing office to 
other departments, or the business and financial end of the works. They 
are far too big and important to be treated in any but an exhaustive fashion, 
and this is not now permissible. 



CHAPTER XIII. 

THE TEMPLATE SHOP. 

The girder-shop foreman, who will probably be more or less familiar with 
the drawings through being consulted on points thereon before he really gets 
them in the shops, should, on receiving them, at once master them thoroughly. 
If there should be anything wrong in them which has been overlooked by 
the draughting staff, it will save much time if found before work is actually 
commenced. Many times awkward points are not seen until the full-size 
setting-out is done, and these, of course, he cannot discover ; but so far as 
workable joints, riveting, and all minor details are concerned, he should 
assure himself that all is in order. When a foreman gives out drawings to 
his men without having thoroughly examined them himself, he must spend 
time looking into them as questions arise, wasting not only his own time but 
his men's. There is always bound to be a certain number of points on which 
a man must consult his foreman ; in fact, few workmen would feel happy if 
they could not raise some query or other on every job passing through their 
hands. If the foreman knows his work he will have an answer ready; 
if he has to pore over the drawing and unravel things there and then, he 
is but proving that he is not doing what he is paid for — saving his 
employer's money. 

The next step is to get the templates 1 made, and the material sorted out 
and put ready as it arrives from the mills. 

A recognised essential nowadays to a structural works is a good template 
floor. Years ago the common way of making templates was to set work out 
on platers' tables. In the beginning of the trade the actual plates and other 
materials to be used were laid down either on a floor or trestles, and marked 
off for shaping and punching by hand. This developed into putting down 
low cast-iron trestles and laying on these boiler or other plates, on whioh 
setting-out could be done ; then templates were made of thin sheet-iron to 
this setting-out and used for marking off. Occasionally plates for other jobs 
were utilised — time was then no factor— runtil they were wanted ; usually 
the trestles would be placed parallel with others to form long rows, perhaps 
40 to 100 feet in length, and if the job was irregular in shape the trestles 

1 Templates are dummy reproductions in wood or iron used to mark off the actual 
materials and ensure accuracy in the several pieces of a girder or other structure. 
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and plates would be pulled about to suit. That was in the days when a 
100-foot girder was a big thing and setting out did not involve the awkward 
angles and long striking points it does now. As jobs grew in size and 
templates got bigger and bigger, the sheet-iron method as steadily went out of 
favour. Accuracy became more and more important, and half a dozen thin 
whipping sheets of iron would not butt together with the necessary mathe- 
matical precision ; they were awkward and inconvenient to handle, besides 
being expensive. So the practice grew of utilising wood in its place, until 
to-day fully 90 per cent, of the work made is put together through the 
agency of wooden templates. The old platers' tables had also to be discarded ; 
they were no longer wanted to lay material upon to see that it coincided with 
the setting-out, and they were too cumbersome and not anything like large 
enough for the growing work. They served very well so long as plate or 
open-web girders up to 40 or 50 feet span were the general run, but they 
were not economical over these limits. True, some very fine work has been 
done upon them. The methods used for a Grumlin viaduct are not to be 
despised, but that they were not the best way of doing work is proved by their 
gradual abandonment and the general adoption of the spacious template-shop 
setting-out floor. 

With the use of wood has grown up a body of skilled template-makers — 
many of them old pattern-makers or joiners — and the time necessary for 
turning out templates has through their agency been cut again and again. A 
good template-maker will only need to set out on the floor when angles or 
lengths cannot be otherwise accurately determined, or the precise sweep and 
contour of a curve with many radii has to be obtained. He has a grasp of 
what he is doing, and can work directly from the drawing on to the wood for 
all ordinary cases. In some American works he seldom even visits the floor ; 
draughtsmen come down and set out full size everything required, so that 
they can make the shop drawings absolutely complete in themselves. There 
are advantages in this, but the disadvantages are that the template-maker is 
deprived to a very great extent of the opportunity in awkward cases of fitting 
his work on the floor to a setting-out and thus proving it. If anyone's time 
has to be spent on the floor it is better to let it be the template-maker's. He 
is at a less wage, and has not to study his clothes when stooping and bending 
or kneeling ; he will do it both quicker and at less cost. 

The floor is usually a boarded one, and will vary in size according to the 
kind of work carried out. From 2000 feet square upwards will be normal 
sizes, though in small works there are many considerably less than this. The 
joints should be good and close, and for first-class work the floor should be 
planed and trued after laying. The setting-out will be done with steel tapes, 
chalk and line, large set and other squares, ordinary trammels and compasses, 
and straight-edges of various lengths. Running round the floor, or at one end 
or in a separate annex, will be the benches. It is better for them to be placed 
away, so that there will not be any traffic over the setting-out floor, which 
should be taken care of. There will always want to be at least one side of 
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the floor benched, so that when particular work is being fitted on the floor 
alterations and settings may be done expeditiously. But all the ordinary 
benches are better away from it. A good plan for such a shop is shown 
in fig. 33. 

Light is, of course, a sine qua non, so that, besides the side windows, there 
will be continuous roof glazing, which must be thoroughly whitened in 
summer-time. The large doors at the end of the floor should only be 
opened for the passage of long templates made on the floor ; for all other 
purposes the other two doors must serve. Such a shop need not be high — 
it is floor-space which is wanted, not height. On mixed work a building of 
this size would well serve a medium-sized works turning out, say, 5000 tons 
per annum. If the work was entirely of a light and intricate character, a 
bigger floor-space would be advisable. 

The timber generally used is a good quality pine or red deal, and is bought 
sawn in widths of from 3 to 5 or 6 in. and about J-in. thick for the framed 




Fig. 33. —Plan of shop. 



templates, together with 11 -in. wide boards up to 1 in. thick for the solid 
templates. At some works a cheaper timber, such as white deal, is used for 
the bracings to templates, the better qualities being reserved for cases in 
which work has to be put upon them. A good timber gives a good template — 
other things being equal — and is worth the difference in cost in time saved. 

The template-maker does not need a large kit of tools — a panel and tenon 
saw, brace and bits, smooth and jack planes, one or two chisels and gouges, 
squares and bevels, a few gauges, hammers, rules, and straight-edges, etc., 
suffice for his wants. A steel straight-edge fastened to the raised back portion 
of his bench, 25 feet and over long and accurately divided into J-in., will be 
of considerable assistance. A mitring and squaring machine in the shop is 
useful, but power tools are not necessary ; there is no work for band and 
circular saws, mortising and tenoning machines, etc. On some jobs the em- 
ployment of light portable pneumatic boring tools is an advantage, but to be 
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any saving over the ordinary brace and bit there must be a big straight run 
of holes to be bored. For a few holes they are useless, since the time spent 
in picking them up and arranging the pipes could be spent in doing the 
work with the brace. They are therefore of most use in shops dealing with 
heavy structural plate girders and the like. Fig. 34 shows one typo of these 
little machines. They weigh about 14 lbs. each, and are not therefore too heavy 
for prolonged use. In a large shop there would be several stationary air-supplies 
at convenient points, and each machine has about 20 feet of flexible tubing 
attached, whicb can be connected at will to the nearest supply. The equip- 
ment, therefore, of a template shop is not a very serious matter. 



Flo. 3i. — Pneumatic borer. 

On receiving the drawings the foreman will apportion them amongst his 
men, whose duty it will be to make skeleton facsimiles of all plates or sections 
with holes in them, and of all cutting, splaying, mitring, or jointing at an 
angle ; and generally of all pieces to be used which have work put upon them 
other than plain straightforward planing, etc. 

The operation of template-making is not difficult work, but it calls for 
great exactitude and facility in reading drawings and setting out. A good 
class of men is required, especially in shops dealing with the more complicated 
structures. The constTuction of the templates is of minor importance com- 
pared with the ability to set them out quickly ; hence handicraft is not of 
the same moment as it is, for instance, in pattern- making ; at the same time, 
a smart man all round will have an advantage in that, after setting out, he 
can clear away quickly ready for a fresh job. 

Small templates, such as comer and connecting plates, small brackets, etc., 
are simply solid pieces of wood of thickness commensurate to their size, cut 
to the right shape, and with the same sized holes in them, in the exact 
positions required, as must be in the steel plates. These are laid on the 
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roughly sheared plates, which are then marked off to suit. The following 
figures will be typical of such templates : — 






Fig. 35.— Templates. 

It is evident that by their employment any quantities of plates may be made 
in exact duplicate of each other. There is a " face " side to each template, 
and this will be laid next the piece which is being marked off. 

Large templates are made in skeleton. That is, narrow timber is used, 
and this is framed together rigidly in such a manner that it gives all the 
information wanted at the minimum of timber used. Thus a flange-plate 
template would look like fig. 36. Every hole required, it will be seen, is put 
in its proper place, so that the only thing to do in the yard is to lay the 




Fig. 86. — Flange-plate template. 

template fiat on the material, clamp it in the best position, and mark through. 
The " face " side will always be flat to allow of proper bedding. The diagonals 
shown are merely stiffening pieces to prevent racking or getting out of shape, 
and are put on in various fashions to suit the man's fancy. Of course, if 
holes were required in the parts they cover, they would be put in. 

Angles are marked out by means of two strips fastened together at right 
angles and holed as necessary; the flanges and webs of joists by strips or 
framed pieces according to size, as above ; generally for stiffeners strips are 
sufficient, as most works possess proper blocks for bending ; the aim being in 
all cases to make the templates so that they can be used in the handiest 
manner consistent with accuracy. It is the template-maker's duty to verify 
the holes and joints everywhere ; the shop takes no cognisance of these until 
it comes to put the work together, so that all responsibility rests on him. All 
minor parts must be marked off from the principal ones. One setting-out 
must do as much duty as possible ; thus main-angle templates must be marked 
off from web do., flanges from angles, or corresponding orders; by these 
means exact similarity is attained, and if the material is properly marked off 
and manipulated it is evident that everything will be in agreement. In 
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fact, it is well kuown that so much faith have Americans in this system of 
work that it is seldom that jobs are put together in the shops to any extent ; 
generally all assembling is done for the first time at the place of erection. 
English engineers do not care for this, but it is really much the most sensible 
plan so far as ordinary straightforward work is concerned. For intricate 
work the expense of putting together in the yard is well worth incurring, and 
of course, all members which can be riveted whole in the shops will alway 
be done so, since shop work is infinitely cheaper and better than "field" 
work; but there is much steelwork made on which we could well take a 
lesson from our rivals. 

In open-webbed girders of the lattice type many bars are alike, and, if 
the design is favourable, possibly only four or six strip templates may be 
necessary. In girders of the Linville type each tie and strut may be different, 
so that separate templates will be required for each. They will have to be 
properly marked, so as to indicate which is which, and the plater will be 
responsible for their due selection. When tie-bars are large and have only 
to be cut and holed at their ends for connections, full-size template ends would 
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Fig. 37. — Strip for connecting templates. 

• 

be made, and be connected together by a smaller strip to the correct length 
required, as shown in fig. 37. In setting out such ends, the whole joint would 
have to be put down on the floor, so as to obtain correct angles of bars, and 
then the templates would be carefully made to the setting-out. 

The timber used is not planed or dressed, except where necessary, as this 
would only be waste of time. Nails are better than screws for fastening 
parts together, as they are more quickly driven, the parts can be steadied 
together better, and they can be clenched on the underside if wished. The 
templates are sent out of the shop just as they leave the bench, and are not 
painted or protected in any manner. Usually they are only wanted in use 
for a very short time, when they may never be required again. Some of the 
more valuable ones, or those for stock work, such as the Crown agents give 
out, are worth taking care of, but the remainder are re-used where possible or 
destroyed ; housing room is dear unless there is commensurate benefit. 

It will be easier now to understand why it is so much cheaper to be at a 
little trouble in designing so as to get as much similarity and uniformity 
as possible everywhere. Take the case of a long girder. It is obviously 
impossible to get templates made 100 feet and upwards in length, just 
as it is not possible to get flange plates of that length. Now a 100-foot 
flange will be composed of several plies of plates with many plates to each 
ply. If the plates can be largely of the same lengths, and the rivet pitches 
be regular for several plates, it follows that one template can do duty where 
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otherwise several would be required, and it is possible for the flange templates 
to leave the template shop with an inscription on to the effect that so many 
are required off, instead of one only. This not only makes a substantial 
difference to the cost of templating, but also to the cost of niarking-off and 
all subsequent operations. 

The great essential in templating is obviously accuracy. Without this it 
has no virtue and good work cannot be done. " Near enough " is no phrase 
for this shop — everything must be exactly right. A slack man at his trade is 
no use here, and every precaution must be taken with both men and tackle 
to see that a high standard is maintained. The foreman should always give 
attention to all work turned out ; so long as the " fountain head " is right 
other mistakes will be hard to make. 

It is the custom to mark countersunk holes by putting a circle of paint 
round them, the marker-off denoting this on the steel in the same way, when 
it is properly attended to by the puncher and driller. Perhaps in some 
girders one long template may be made for a long plate or two, and then cut 
down by degrees to suit the smaller ones ; this is always possible where the 
riveting is well arranged ; odd holes which do not happen to come in may be 
plugged up and fresh ones put in in the new place required. In some yards 
templates are not made for every little plate ; for instance, the bearing plates 
on a girder will be marked through from the flange plate to which they 
are to be attached ; the end plates of a plate girder will be marked off from 
the end angles, and so on. It is sometimes economy to do this — a good 
deal depends on the plater in charge. A good man will save a deal of tem- 
plating very often, because the foreman knows he may be trusted to do 
things properly. 

When templating was done in the old way the plater was a very important 
figure in the girder yard; he had to do the whole of the setting out and 
making of templates as well as superintend the assembling. Naturally he 
commanded high wages and was thought much of. In some works in the 
North of England to-day he can still make £4 to £5 per week, and some- 
times more. He is, however, a declining force, and there are several shops 
employed on repetition work where the " plater " is but a glorified labourer 
with the handsome wage of twenty-six shillings per week. When the tem- 
plate-making was taken out of his hands he lost caste rapidly, and the average 
works — given the right foreman — can get competent men to undertake what 
is left of his duties for from thirty-five to forty shillings per week, with 
perhaps another ten shillings for a specially good man. Template-makers' 
wages vary very 'much in different districts; they are much higher in the 
North of England than in the Midlands or the South. The standard wages 
for pattern-makers being perhaps on the average thirty-six shillings per 
week, the average template-maker does not usually expect much more ; perhaps 
thirty-eight to forty-two shillings per week would cover the usual rates, with 
up to another ten for a first-class leading hand. 

Reckoning this way, it is evident that the new system is far before the old 
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in point of cost ; the old cannot be compared with the new, so far as accuracy 
goes either. The system of wooden templates has helped not a little to 
bring down the price of steelwork, so that it is now one of the cheapest 
constructional agents known. The old way of making them of sheet-iron 
was slow and tedious — metal cannot be carved with hand-tools in the same 
way that wood can, and when made they were awkward and inconvenient 
to handle. Of course, if they were worth keeping they were practically in- 
destructible, but the small percentage of which this could be said did not 
help much. 

Some works make most of their small templates — the connecting and angle 
plates, etc. — out of thin tin or zinc, and the method is to be commended 
when there are many to be taken off each. The zinc particularly is easy 
to treat with hand-tools, and labour thereon is not very costly, whilst the 
template will be lighter and more easily handled than a thick wooden one. 
Most substances have at one time or another been called upon for this work, 
and there is no reason why anything handy should not be used. Stout 
millboard makes excellent small templates, whilst even brown paper is 
not to be despised. 

As regards methods of making, much might be said were it not that such 
a lot depends on the drawings. In this way : given a straight run of 4-in. 
riveting, a wooden strip can be laid against the steel bench straight-edge 
rule and the centres marked off rapidly by means of a square and pencil or 
scriber. If, now, it is the stiffeners which are in even dimensions, and the 
riveting has been left to take care of itself, progress will be very slow, and in 
some cases the dividers will have to be used to laboriously step the centres 
out truly. Since it is the setting-out which is the principal part of the work, 
it follows that on the drawings will depend the methods to be used more than 
anything. Of course a handy man will have many tricks of doing things 
which give him an advantage, but there is no patent way to quick work yet 
discovered. A good knowledge of geometry is bound to be a -great help in 
difficult situations, but such information must be sought in the proper 
quarter. Successful template shops are those possessing the most brains, not 
machinery, and a talent for organisation of work. Many helps to progress 
may be made, such as specially divided staffs for different regular rivet pitches, 
fixed trammel heads with steel rule let in floor for taking off radii quickly, 
fixed gauges for rivet centres in different regular-sized angles, tables for 
the same for irregular angles and such-like small adjuncts, the value 
of which depends more on the will of the men using them than on 
anything else. 

It will be found of great help to store the timber to be used in a proper 
place. If the strips or boards become scallowed, they cannot make first-class 
templates. Attention should also be paid when buying to see that they are 
free from knots, shakes, and other imperfections, and that they are perfectly 
dry and well-seasoned. Green timber is an abomination to a template-maker. 
If timber is bought which has anjwkward grain, or is dead or sappy or 
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wet, the brace cannot be expected to put perfectly smooth holes through 
it, yet these are necessary to good work. Parsimony in this direction is not 
economy. 

It should always be remembered that the mission of templates is to mini- 
mise skilled shop or yard labour. They are an instance of specialisation, in 
that men devote themselves entirely to their production instead of making 
and then using them. The men who use them do not need to be so highly 
skilled, consequently a saving must be effected if the skilled man can always 
be kept on the skilled work. To be a success, however, such a system of 
labour must provide that the unskilled man is not presented with difficulties 
beyond his powers ; that is to say, the templates made must be the essence of 
simplicity ; there must be nothing roundabout or demanding the exercise of 
brain-power in their use. One thing at a time on any one template and then 
a journey to the shop for alterations, however small, is a golden rule. 



CHAPTER XIV. 

THE GIRDER 8 HOP — I. 

A great change has come about in the places of manufacture during recent 
years. Up to a decade ago it was usual to do all assembling in the open air ; 
now it is usual to do it under cover. Certainly there are still many works 
dependent on the girder "yard" — some of them amongst the largest and 
most important in this country ; but taking the known works of the world it 
is pretty safe to say that the majority now work under cover, or are making 
arrangements for so doing. The principal reasons for the change are to be 
found in the influence variations of weather are bound to exercise on outside 
work; men will not work in pouring rain — they cannot work in snow. 
Another reason is the short daylight hours in winter and the impossibility of 
arranging satisfactory illumination — especially as this is most wanted just at 
the period when the elements are inclined to be the most unkind. No one 
who has not tried it can know the wretchedness of trying to work on a push 
job on a winter's evening with rain falling and half a gale blowing. What 
light can be obtained is dull and fitful ; it is most difficult to see what one is 
doing, and to add to this vexation the rain is soaking in to the skin and the 
wind is beating and piercing one with cold. It is hard to ask men to work 
under such circumstances ; it is most difficult to keep them at it. Riveting 
becomes an almost impossible task; the rivets will not heat, or, if heated, 
cannot be kept hot ; the holes can only imperfectly be made out ; everything 
is clammy and wet to the touch ; and everyone is sensible that the best work 
is not being done, nor can be done. The difference in output between the 
winter and summer months is alarming, and it quickly caused masters to 
consider whether summer conditions could not be made to obtain during 
the winter. 

So girder yards began to be roofed in, and then came the girder " shop " ; 
and during the months when its covering is a protection there is no doubt 
but that it radically affects output and makes possible that which previously 
was impossible. A good many engineers regret the change, and all are by no 
means unanimous as to its wisdom. Given good weather there is no gain- 
saying the fact that work is pleasanter and can be got through quicker in the 
open. Men naturally work better outdoors than in shops — provided there is 
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not too high a temperature ; there is a greater sense of freedom and space, 
and an entire absence of the objectionable resounding of every hammer-stroke 
and little noise. Then again, no matter how big the shop scheme, there is not 
the space available — or does not seem so — as there is in the yard. Girder 
yards never seem so choked with work as do shops ; or rather it never seems 
possible to put quite so much work on the same ground in the latter as in the 
former. The one is full and choked up when the other could still find a little 
more room. Another matter is that shops are not elastic, and are bounded in 
height as well as length and breadth, and so many jobs have to be differently 
managed when done under cover ; at times they cannot even be properly put 
together, and this may be a serious drawback. 

From the designer's point of view the best thing about the shops is the 
protection they afford to the work in hand. With the chances of oxidisation 
so much diminished, a better job must ensue, and there is no question but 
that the change is all for the better from this standpoint. 

The point which specially appeals to the maker is, is there money in it) 
Do the shops pay for the outlay involved ? It is an easy task to buy a field 
or two, put up a little shedding to cover the main tools, and have all the work 
assembled in the open ; the capital involved is not very great. But it alters 
considerably when the whole area has to be covered in and immense shops put 
up of a height commensurate to the work to be undertaken. What was a 
flea-bite becomes a most serious undertaking, and the capital necessary a very 
large amount. 

The best answer will be found in the fact that it is experience which has 
dictated the course, and this is, after all, the very best guide we can have. 
Hitherto the greatest difficulty has been to make the large tools necessary for 
work of any size pay properly by keeping them at their maximum output. 
For perhaps seven months of the year they worked well and fairly constantly ; 
for the remainder they would be on half-time or less. This meant that plant 
which could deal with 100 tons per week during good weather hardly touched 
50 tons during bad and unfavourable weather, and an output which ought to 
have been 5000 tons per year was actually only about 4000 tons. At this 
latter figure perhaps only a moderate profit was made, and if looked at only 
so far reason would seem to be against the wisdom of embarking further 
capital in shops. But if, given shops, the output can be largely increased for 
the same tools, and the vast sums formerly spent on totally inefficient lighting 
be saved, a different complexion is put on the matter. It was always a 
problem how best to light a yard. Electricity is now available and in a 
measure mitigates it ; but previously the crude oil burner was about the best 
which could be got, and this was terribly expensive. It was picturesque — 
perhaps ; but effects of this nature are not exactly the aim of girder yards. 
During some push work one winter at a works where the writer was engaged, 
forty barrels of this oil were consumed every week ! Compare this with the 
cost of lighting shops, to say nothing of the gain in illumination ! 

The secret of success is continuous maximum output at the lowest unit 
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expense. Only in this way can the big tools of a modern girder yard earn a 
profit to their owners. The ideal method of working is the continuous plan, 
when work is never ceased night or day. For many reasons we have to fall 
short of the ideal — it is not practicable in all places, nor, if practicable, is it 
invariably profitable, such is the contradictoriness of human nature — so the 
next best plan must be taken, and efforts made to ensure the utmost results 
during the accustomed hours of labour. It seems peculiar that so few works 
are successful with the twenty-four hours' system. It has been again and again 
demonstrated that it can be successfully worked, and again and again denied 
after every effort seems to have been made. All business men hanker after 
its glowing promises ; few are fortunate enough to be able to inaugurate and 
maintain it. There is, of course, much that can be said against it, and the 
probabilities are in some places it is quite impossible, whilst in others it 
might very well be run, even for the same trade. 

Be that as it may, every place is vitally interested in obtaining the utmost 
results during the hours it is supposed to be actively engaged. If times are 
from six until five or any other hours, that period should be stuck full of 
work — everything must be going its hardest and there must be no slackness 
anywhere. A £500 tool must be demonstrating its worth by its unceasing 
production — all delays, all waitings are only so much handicap on its showing. 
But all this can only be the result of the succeeding operations being just as 
quickly performed. If there is delay in the assembling, the punching press 
cannot be kept going ; if the yard is blocked, the planers, the drillers, the 
shearers, and the riveters must take a rest. That is where money is lost. 
So soon as the regularity of the various operations is upset, so soon does loss 
begin to creep in and profits vanish. That is why big shops are recognised as 
profitable investments. 

It seems almost a pity that the advantages of the yard and the shop 
cannot be combined. If only it was practicable to make collapsing walls and 
roofs to be rolled away so soon and just when they could be dispensed with, 
and be replaced just as easily, conditions of labour would be ideal. As it is, 
we have to choose the best all-round plan available ; there is small doubt this 
is the roofed-in girder yard. Many works temporise and have both, and it is 
conceivable that their wants arc best supplied in this way. If work is not 
wanted in a great hurry and jobs of the class undertaken are not often in 
the market, it might very well pay to do some of it under cover and some 
of it outside. Whatever the weather, work could then be carried on. But 
for the busy bustling shops where work is wanted quickly in and out, and 
a large turnover must be made if profits are to accrue, the covered-in plan 
is bv far the best. 

It did not use to be the practice to put all tools under cover even. If a 
few of the old yards are visited — most of them are by now out of active use — 
it will be seen that a little shedding over perhaps a planing machine was all 
the cover they ever boasted. Punching and shearing, straightening and 
riveting were all done in the open ; occasionally a few boards would be 
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placed like an umbrella over odd machines. It makes one wonder whether 
the men were cast-iron in those days, or whether the seasons were kinder. 

However, whether under cover or in the open, the operations of work will 
have to be the same, and before we can intelligently discuss the design of 
proper and convenient shops it is requisite that these be understood. 

On arrival at the works, it generally happens that the materials for 
different jobs are all mixed together, and the first thing to do must be to sort 
them out according to the invoices. In many works this is not done — for one 
thing there is often no room available to lay out and properly separate — the 
steel is unloaded and dumped in a heap just as it arrives, and it is turned over 
as it is required. This practice is not commendable, since much time is often 
thrown away in moving different bars or plates many times over. At other 
places the straightening machines are set to work and draw from the heaps 
as they come, first straightening and then laying out in proper order. This 
means that perhaps a few angles for a job may not come through for some 
time, whilst angles for another job which is not urgent get treated first. 
Usually like material is sent from the mills in the same trucks; thus all 
angles will be together, all plates the same, etc. When there is room, 
therefore, it is not much trouble to at once sort out and lay down in order, 
so that any one job can be got at immediately, and without the expense of 
turning over to find it. 

When this is over it will be necessary to straighten all bars and plates, 
and sometimes rolled steel joists and heavy channel sections. At the mills 
they are carried after rolling to the cooling ground, first being cut whilst 
hot to the desired lengths by means of the circular saw or other tool. 
Through being pushed or pulled about, or cold winds whilst cooling, sectional 
material often assumes a slightly curved form, plates being buckled a 
little on their surfaces. It is usually possible to get them cold-straightened 
before leaving the mills, if desired ; but since they are bound to get a little 
knocked about on the journey to the works, and also for cheapness' 
sake, it is best to do this on arrival. Plates are straightened in suitable 
rolls made wide enough to take the largest width likely to be used, 
machines being made variously with three, five, six, seven, eight, or ten rolls, 
according to the duties they are to perform. 

Fig. 38 shows the simplest form in use. Three rolls only are used, of 
diameters varying from 6 in. to 14 ins. according to the size of machine and the 
strength required. Strictly speaking, it is a bending machine, but in small 
yards it often combines this with straightening, as it is plain that a tool 
which will bend will also straighten. In large yards separate machines 
would be used. It is the most useful type of rolls made for all-round work, 
being particularly convenient for turning out bent or dished plates having a 
section like fig. 39, such as are so often used for bridge and warehouse floors. 
If the end housing is made hinged, plates can be bent to a complete circle, 
as they can then be readily removed. When intended for such work the width 
between housings should be as great as possible, so that narrow plates can 
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be bent longitudinally. Up to 15 ft. is an ordinary width ; for medium work 
9 ft. will be found convenient. If only intended for straightening and small 
bending, 6 ft. or 7 ft. might suffice. In different models the top roll is 
placed either between the two bottom ones or directly over the front bottom 
one; in the first case adjustment is made by the top roll, and in the 
second by the back bottom one. There is not much to choose between the 
two, the first case being, perhaps, the most usual. The bending or 



Fin. 38.— Machine with three rolls for straightening and bending pl»tes. 

straightening is accomplished, it will be evident, by the approach of 
withdrawal of the several rollers, sufficiently delicate adjustment being 
possible by the screw gear provided. It is always better to have a tool 
heavier than may l«s thought really necessary, since the service is constant, 
and at times very heavy work has to be faced. The majority in use are belt- 
driven, but they are to be obtained adapted to any power. 

When multiple rolls arc used the machines are intended for straightening 
only, though by a little scheming they may be used to a limited extent for 



Fig. 89. — Section of dished piste. 

bending. Fig. 40 will illustrate one with seven rolls, and it will be seen 
that the arrangement is very similar to the three-roll type. Adjustment 
may be either by power or hand. For heavy work not more than six rolls 
are deemed advisable, but eight or ten can be used for lighter material. 
These machines are not made of such great width between the housings, 
since there is no use in them being wider than plates are ordinarily rolled, 
and few shops possess them over 8 ft. ; perhaps 4 to 5 ft. is a more general 
size ; wider plates can be dealt with by the three-roll type. They operate by 
alternately slightly tending and corrugating, and make a very fair job of 
£•111, and jj-in. plates; hut the thinner plates always require a little after- 
hammering to make them perfectly true ; in fact, even the thicker plates, if 
required absolutely without wind or kink, must be so treated, though, unless 
for very particular work, this is not usually done. 
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The vertical rolls, fig. 41, are specially intended for bending, and are 
used principally for boiler and pipe making; they have three rolls and 
are exceedingly heavy and massive, taking easily lj-in. plates. They are, 
perhaps, hardly within the scope of structural steelwork. Fig. 42 shows 
the new hydraulic plate-benders. Their feature lies in bending plates right 
to the edge— a result not quite attained by rolls, which leave a small space 
at the ends unbent. Very quick work is possible by these tools, and they 
are exceedingly powerful. They possess an advantage over rolls in that 



Fig. 40. — Machine with seven rolls for straightening platea. 

once set to the correct stroke for any given curve they are independent of 
skilled labour. Figs. 41 and 42 are given because the tendency of steelwork 
is to get heavier and heavier, and on certain jobs, notably those in which thick 
steel cylinders are employed, they will do cheaper work than will rolls. At 
the same time they would not pay to buy specially for such a purpose unless 
a much greater run than the ordinary was being dealt with, or there was 
other work to do for which they are adapted. Tools of this nature are not 
bought for a few pounds and need constant work to justify purchase. The 
best all-rouud plate-bender for the girder shop still remains the original 
three-roll machine as in fig. 38. In fact, there has been no serious attempt 
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made to displace it. It covers a very great range, and since a hinged housing 
has been added (formerly they were both solid), to enable the withdrawal of 
circled plates, they act very efficiently and, in good hands, fairly rapidly. They 
are always the first tool to be purchased, and on general work one sot will 
keep a yard going with an output of 2000 to 3000 tons annually, doing 
both the bending and straightening required. Over this amount a set of 



Kin. 41— Machine whli TiTtic&l mils for benJing bnilrr plat**. 

multiple nilbs for st might entng only, as fig. 40, might be added, when the 
two machines would cope with nearly 7000 tons of average work. 

The original way of ntraiglttciiiiig plausi was to lay them on a surface 
plate and hammer them cold, anil there is still no hctter way known of 
securing aliHolutc flutiiCHx. Surface plnU-s should he of the toughest cast-iron 
with a hard surface (chilling is not invariably satin factory, though eminently 
so with some irons) and of a good thickness not less than 6 in. The size 
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will depend on the nature of the work, but will be in the neighbourhood of 
6 ft. x 4 ft. The plate is laid upon the block, and a good man will quickly 
bring it to truth. For girder work there is no necessity to go to this 



Fig. 42.— Hydraulic pime-l>emLi. 

expense ; but when steel doors, etc., have to be made it is better to " cold 
flat" than to have the inspector reject them because they are in wind. If 
these blocks have much work to do it is astonishing how quickly — com- 
paratively— they wear out, especially if the metal is not good. Perfect 
homogeneity is an essential, or they quickly get into hollows. 
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Just an plates used to be straightened by hand, so was sectional material. 
Angles, channels, tees, etc., were placed across a cast-iron hollowed block 
and struck with the sledge in various places until they came straight. Until 
quite recently this was the general practice ; it was fairly quick so long as 
the sections were small, was satisfactory, and did not demand skilled labour, 
The first attempt to employ tools wag the hand-power press shown in fig. 
43. Its action is evident and it still possesses the merit of simplicity and low 
initial cost. As sections grew in size and got stiffer, the tool soon proved 



Fig. 4 3. —Hand- press for bending. 

itself an advance on the sledge, and it still does good service in many yards. 
But the continued growth of sections demanded more powerful tools, and the 
power-bender shown in fig. 44 was evolved, and was quickly followed by the 
hydraulic-press arrangement of fig. 45. These two tools are to-day the 
standard, and many improvements have rendered them highly efficient and 
very satisfactory in working. Fig. 44 is geared and belt or electric driven, 
making from thirty to sixty positive strokes per minute, the intensity of which 
is under the control of the operator, the hand-wheel providing a ready and 
delicate adjustment. The hydraulic machine is not quite so quick, but is 
more powerful, and specially suitable for the heaviest sections of joists and 
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channels. It should have a quick power return and be capable of being 
managed through the agency of one handle. 

For very light sections the hammer is still the best ; for medium and all 



angle and tee sections up to 6 in. x 6 in. x gin. the geared machine is 
generally in use ; for all heavy work there is nothing to beat hydraulics. 
Shops engaged on light work will depend on the first two ; a general trade 
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will require all three. One geared and one hydraulic straightener will be 
sufficient for an output of 4000 to 5000 tons per annum. The hand-screw 
machine is not often bought now, but it is exceedingly handy and very suit- 



able for those shops which occasionally do a little steelwork ; for everyday 
and all-day use it is too slow and tiring. All machines act on the aauic 
principle — a central movable ram forcing the bar to bend between two 
projections on a Axed head. Of course they bend material just as easily as 
they straighten out, and all angles, tees, etc., which have to be bent cold 
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are done upon them. Bending is a longer job than straightening, especially 
if there happens to be two or three centres to the curve ; a great deal 
depends on the man in charge — one who is able to " humour " the machine 
will get two and three times the amount of work out of it as another who is 
clumsy and lacks " gumption." A quick stroke and a light pressure repeated 
two or three times is better than a heavy single stroke for most forms of 
bending. For work on site of erection where power tools cannot be used, 
the primitive " Jim Crow " is still the best-known means. Fig. 46 illustrates 
this. It can be used in almost any situation where a man can get, and ite 
bending powers are undoubted. In fact, there are few shops to-day without 
one or more — it is such a useful auxiliary tool. A handy extra bender when 
required at any time can be made from a common hydraulic jack laid flat on 
any suitable table and secured so that the body cannot move. A couple of 
stops fastened down at a foot or more apart, either side the head of the ram, 
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will hold the material in place. The work is slow, but it will be good, and 
the tool is not to be despised. Many other similar applications for particular 
work will occur to the reader. 

The straightening will geuerally be in the hands of a leading man, who 
will be responsible for seeing that every piece coming into the works is 
properly straightened before use ; if the works are large, two men may 
share the responsibility, one taking the plates, the other the sectional 
material. The remainder of the men will be labourers, the leading hands 
working with them and being paid a slightly higher wage, or taking the 
whole on a piecework basis of so much per ton and paying their own labour. 

Plates are passed through the rolls two or three times according to their 
condition, being supported and carried on trestles with roller tops, or partly 
by these and partly by chain slings from convenient runners. There should 
always be plenty of light cranes at the rolls, or else the labour cost is bound 
to be high. There will not be any great weights to be carried ; probably 
the average weight of the plates rolled will be, perhaps, 5 to 7 or 8 cwts. and 
less, and for these quick-acting pneumatic hoists on suspended runners, or 
even good blocks, will be as handy as anything. They should be supple- 



140 CONSTRUCTIONAL STEELWORK. 

mented by a couple of light cranes capable of lifting, say, 30 cwts., to deal 
with the heaviest plates which may be used. Long narrow flange plates are 
the most awkward to deal with; they whip and bend so much that they 
must be lifted and handled in several places, and regard must be had to 
this when laying out plant. 

Sectional material is usually much stiffer than plates, and in so far is 
more easily handled. Light runner lifts and plenty of trestles are quite 
the best means of dealing with it, with a heavier crane to lift and manage 
heavy joists. 

If tackle is good and works freely and easily, no more than three men 
will be required for either plates or sections. If, however, the tools are not 
conveniently placed and the tackle is inadequate, more labour will be 
required. In some works half a dozen or more men may be seen struggling 
with long bars, all for the want of a little thought and outlay. Arrange- 
ments should be made so that the minimum of manual lifting will be 
necessary — the principal work of the men engaged being that of selection of 
the material and guiding of the tackle. As the steel is straightened it 
should be properly put down and laid out, each job by itself, so that just 
what is wanted next can be fetched away at once for the further operations. 
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When straightened, the next operation for the plates will be planing, and 
this is where flats and sectional material score so heavily. Planing is an 
extra operation, involving added handling and moving from place to place, 
besides the actual time spent on the machines. Proper facilities for lifting 
and carrying do much to lessen costs, but given the most perfect known 
devices the operation still remains an extra one, and as such must to some 
extent influence prices. 

Planing machines remain much as they have been for some years past, 
except that they have grown in length of bed and in power and general 
handiness. The type remains very much the same, and figs. 47 and 48 show 
the two styles principally in use, the only real difference being that fig. 48 
has a cast-iron frame, bed, and girder, whilst fig. 47 has a cast-iron frame 
and bed with a steel or wrought-iron girder. For the shorter lengths of bed 
there is nothing to choose between them, but the steel girder type is the 
best for long beds, being both lighter and stronger. Different makers vary 
their patterns a little, as also their stock lengths, the latter ranging from 
6 ft. to 25 ft. For general work the longest length is the most economical, as 
a longer plate can be done without moving it ; but since one planing machine 
is not capable of keeping even a comparatively small works going, it is best 
to mix the sizes, and for about 4000 to 5000 tons annual total output it would 
be desirable to have, say, three machines — one 9 ft., one 15 ft., and one 25 ft. ; 
the work could then be proportioned between them. Since there is a growing 
tendency to use flats for flange plates, it may be possible to do with fewer 
planers in the future, but this number fairly represents average require- 
ments at the present time. 

In modern machines it is possible to plane the longest as well as the 

shortest plates on any size bed. The end standards are made open, or as 

shown in the drawings, set back and bent over so that the bed is perfectly 

open, and the plates can be moved along as that length within the capacity 

of the tool is finished. A 6-ft. planer willthus do a 40-ft. plate if necessary, 

but since each move means resetting it could hardly be described as an 

economical operation. 

141 
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Points in a good planer are that it should have open ends; self-acting 
re versing carriage, reversing automatically for any length of stroke ; vertical 
adjustment to tool-holder ; attachment for planing an end at the same time 
us a side, at any angle; and a swivelling tool-holder for planing bevel edges. 



That it must also cut both ways goes without saying. A further useful 
provision is that the cutting tool should he made to turn over automatically 
at the end of each stroke, and that it should be capable of feeding down 
automatically when required. The latter is useful when several tiers of 
plates can be put in at once, as then one man could attend to a couple of 
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machines. It is not perhaps very often that this is done, most workmen 
seeming to prefer the one- plate -at- a -time rate the best; but if the work 
is suitable it means an immense saving in costs and should be adopted 
when possible. 

It will be understood that the plates are clamped tight to the bed by 
means of the screw-jacks shown, and which can be moved along the girder 
as required. The carriage carries the tool and receives motion from a steel 
screw operated by gearing from the belt or other drive. Some makers fit a 
small platform on to the carriage on which the man. can stand and thus be 
always with the tool. In place of screw-jacks, hydraulic ones are some- 
times utilised. End planing attachments are not so common in this country 
as in America. Their success depends largely on the man concerned; for 
large square plates they are not much real use, since the tool has to be 
made to permanently take up a great deal of floor-space, and if single 
plates are being planed one man cannot work both end and side at their 
maximum rates. 

Usually planing is done piecework at so much per foot-run, and the man 
is a superior type of labourer. No great skill is required to run the tools — 
the setting of the plates is the chief thing to do. Permanent gauges for 
different widths are very useful and should be made for all machines. 
Some rule- work will have to be done, but it should be made as little as 
possible. 

As with other tools, the methods of handling the plates should be as good 
as can be devised. Unless a lot of shop labourers are to be kept this is a 
necessity. With only one man to a machine, unless the tackle is thoroughly 
up to date, extra help will always be wanted. The same plates which go 
through the straightening rolls have to go on the planers, and common sense 
tells us that they will not place themselves on the beds. The business of put- 
ting plates on and off is far more serious than the actual work upon them. A 
good, well-made tool does not take many minutes to do one side of even a 
25-ft. long plate if at one setting, whereas such a plate will in some places 
take half an hour to get to the machine and be placed properly on the bed. 
Good overhead tackle similar to that described for the straightening rolls is 
an essential. 

Whilst the plates have been going through the planing process, the 
sectional material has been cut off to its proper lengths, partly by the cold 
saws and partly by the angle and plate croppers or shears. It will be 
remembered that most of the short lengths of angles, for instance, were 
ordered in long lengths, and these must be cut up and the others brought to 
their proper exact dimensions. Before cold saws came into general use, such 
materials as channels, joists, and zeds could not be cut cold in the girder shop ; 
the only way was to get them from the mills as near to size as possible, and 
then trim them up in the blacksmith's fire, afterwards filing or chipping up — 
a long and unprofitable job. With the advent of the saw a radical change 
was effected ; they could now be cut in any lengths and at any angle desired, 
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whilst the resulting faces were so good as not to even need the file. Angle 
shears were early made, and though it was possible to arrange them so that 
they would shear in the middle of long lengths, yet this waa not satisfactory ; 
one end would be fairly clean, but the other would be bruised and require 
a little more cropped off it. So that, for all forms of sectional material, cold 



FlC. 50. — Automitk' s»w -sharpening machine. 

saws have proved eminently satisfactory. They are, perhaps, or so appear, 
rather slow in operation — they do not cut through the steel in the same way 
as a hand-saw goes through wood ; but there is no comparison between the 
time now taken to make a good job and that necessary -before they were 
introduced. 

There are many types of cold circular saws, though the principle of them 
alt is the same. Fig. 49 will show the lines on which they are built. The saw 
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proper is circular, and from 12 in. to 36 in. in diameter; the teeth work 
without set, the saw being thinned towards its spindle bo as to allow clearance, 
and it usually rotates in an oil-bath. Automatic travel is fitted, which can be 
controlled by friction plates, the drive being by worm gear. The work is 
fastened in position by bridge clamps which allow of it being placed at any 
angle. The table is small, so that long bars must be carried by trestles ; in 
fact, any bar which projects over it should be supported. The saws are 



Fio. 51.— Power hack-saw for umall sections. 

sharpened in automatic machines designed for the purpose, one of which is 
shown in fig. 50 ; an emery-wheel of the right shape is constantly spinning, 
and is brought down on each tooth in turn as the ratchet gear works the 
saw gradually round. The little machines are very effective and economical 
in use. Circular saws will cut any section of material, from the smallest round 
or angle up to the largest joist or channel within the capacity of the saw, 
Since the saw spindle is placed well below the level of the bed, a 12-in. 
saw will not cut heavy sections, and for general purposes the larger 
ones are preferable. 
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For cutting small rounds, squares, or flats, the jig or power hack-saws are 
very useful. One is shown at fig. 51, and the makers often claim they will 
deal successfully with rounds up to 4-in. and 4£-in. diameters. Given time, 
they will cut angles, joists, and channels fairly successfully, but owing to their 
light build they are not a commercial success on heavy work ; they are looked 
upon as being fitted for occasional rather than for constant service. The saws 
are used until they give out, when they are thrown away and fresh ones 
substituted — it does not pay to attempt to sharpen them, new ones being 
cheaper. 

Both the circular and hack saws can be attended to by youths, given personal 
oversight by the foreman ; and one youth can manage two cold saws and a 
sharpener, or three hacks, provided the lifting tackle is good and convenient. 
One machine can be set going and another attended to whilst the first is 
cutting, and so on. This makes the process cheap, and in labour cost it 
compares most favourably with any other method. Most shops have the boys 
on piecework at so much per cut whenever possible — the price depending on 
the size of the material. 

With the output being limited, a fair quantity of saws are required for any 
tonnage turnover. If the ends of all stiffeners are sawn besides the general 
parting and truing up, one circular saw for every thousand tons of average 
output will barely be sufficient — some places requiring nearly two saws per 
thousand tons. Power hacks may be added as found convenient and necessary. 
Fortunately, saws are not so terribly expensive as straightening or planing 
machines, and a gang of them may be put down for a very moderate outlay. 
Efficient work again, as always, depends on the overhead tackle provided ; and 
it is of small use putting down saws unless this is properly designed. Over- 
head runners and light cranes are by far the best, and should not be stinted. 

Angle and plate croppers or shears are made in a large variety of patterns. 
Figs. 52 and 53 illustrate two typical machines. The plate shears have 
usually blades about 16 in. wide, placed at such an angle that long bars will 
clear the gap of the machine. The angle shears on the other end will crop 
angles up to i\ in. x 4 J in., or sometimes 5 in. x 5 in. ; they also are placed at 
an angle to facilitate the cutting of long lengths. The surfaces resulting 
from shearing are not absolutely clean, as in the case of the cold saw, and 
whilst presentable enough for most purposes they will not make good butt 
joints, and must be cleaned up with file and chisel. Notwithstanding this, 
the operation of cutting is so quick that the finished cost for cropping ends is 
cheaper than by sawing, the limitation being that angles and bars are the 
only sections which can be so treated. Dead lengths are not so easy to cut 
on the shears as on the saw, though much depends on the personal skill of 
the workman, and, as just stated, after shearing they must be filed to suit. 

There are many combinations in these tools offered to the purchaser. 
Some have two working ends, some three, and some four; they are all 
variations of bar and angle shears and punches, but except for very small 
establishments more than two working ends are not recommended. Men are 
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apt to get in each other's way, besides which the neighbourhood of the tool 
will get congested with different work, which will more or lees get mixed 
together, and thus confusion arises. To be of real service in a medium or 



FlQ. 62, —Anglo "id plate shnrn 

large sized establishment, plenty of space around the tool should be available, 
and the beet combination is to have plate or bar shears at the ends and 
angle shears at the side, as in fig. 52. Small yards with limited space may 
find it wise to adopt three or four working ends, but only if the work is 
of an intermittent character and not more than any two ends required in 
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service at the same moment. Tools with small cranes mounted in convenient 
position are an acquisition in some circumstances. They will not be of much 
service if the general overhead lifting tackle of the shop is well designed ; but 



Fin. 58.— Combination shears and pnnch. 

when a tool has to he placed in an awkward spot, or for some reasons the 
ordinary tackle cannot be properly brought to it, they are distinctly of use. 

Up to within a very short time ago channels and joists of all sections could 
only be cut either hot, with the set, or hy the cold saw ; but a new tool has 
been recently specially designed and introduced for the purpose, and seems to 
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have a sphere of usefulness before it. Fig. 54 illustrates it very well. It 
is really a new type of shearing machine, or rather a combination of a 
punching and shearing machine, since it takes out a piece as thick as its 
blades when dividing a joist into lengths. The motion is intermittent and 
communicated by a ratchet arrangement, the blades punching or shearing 
out a little at each stroke until the operation is concluded. It is extremely 
powerful -and gives a good clean cut, quite equal to ordinary work without 




Fio. 54. — Joist shearing machine. 



further dressing. Half the joist is sheared at once and then turned round 
for the other half. 

Independent angle croppers are extremely useful in large shops, or in 
those places doing a quantity of similar work. They can be made exceedingly 
compact, and to take any size angle up to the largest they are designed for. 
Usually they do not take more than a 4-in. x 4-in., and are often made to 
take 3-in. x 3-in. and less. Fig. 55 will show their general design. 

Many shops have small power croppers for flats and plates, which are 
kept constantly running at a fairly quick speed, and are exceedingly useful 
for trimming small connecting plates or links, cutting bars to sizes, etc. (see 
fig. 56). They take up very little room, and will often save much running 
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to the larger tools when placed in handy situations. They are only for small 
work such as can be carried to them by hand, and there is therefore no need 
for them to be placed under the shop transporting system. 

Reverting again to jig-frame or hack saws, a tool mounting two saws 
which are placed to work either side a large channel or joist, cutting until 
they meet each other, has been put on the market quite recently. It is 
shown in fig. 57, and its construction will be readily seen. It is ingenious, 



Flo. 6fi. — Angle cropper. 

one saw being made to automatically cease cutting when near the centre, the 
other finishing the work. 

It would be possible to notice numerous different ideas and tools which 
have at various times been brought out and met with more or less success ; 
the purpose of these chapters is not, however, to show everything which has 
ever been thought of, but only those tools which are recognised as being 
necessary and desirable for the proper carrying out of the modern Forms of 
constructional steelwork, and which have gained their place in the estimation 
of manufacturers either by their long-proved service or their unquestioned 
superiority over older methods. 

It has been explained in another chapter that all plates have a slight 
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allowance made for planing — usually J- in. all round, but that sectional 
material is supposed to come to the works in nett ordered lengths. By 

" sectional " material is meant practically all forms and shapes except plates — 
angles, flats, tees, zeds, channels, joists, etc. The allowance on the plates 



Fia. BB. — Small cropper for Huts and plates. 

is taken oft by the planers, and the slight extra lengths which cannot be 
avoided on the sectional material by the saws or shears, as the case may be, 
and the material properly reduced to lengths and sizes Iwfore going further. 
There are one or two exceptions to this rule which will be noticed in another 
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place, but it may be taken that for most work, and for all heavy and good 
work, this is the usual course. 

Now comes the marking-olf. There are three methods in common use for 
this ; the employment of the thin tube dipped in whiting, the centre-punch, 
and a combination of the two. The first is perhaps the quickest and the last 
the slowest, but unquestionably the better job lies with the last. The 
templates should hare all holes in them of the proper size, i.e., the site the 



Fit:. 67. —Double hack-uw. 

holes should finish at — not in any way because the exact dimension affects 
to any degree the exact finished size in the steel, but us a guide to everyone 
concerned, and because there is no good reason why they should not be so 
arranged. Changes in diameter should also be plainly marked upon them, so 
that attention cannot fail to be drawn to them ; the holes being also the 
right size, there is then no excuse for mistakes in the shops or yard. When 
the whiting tube is used, a small brass tube of thin gauge, about 3 in. or i in. 
long and of the proper diameter, is selected and the ends squared. Whiting 
or white lead is then prepared in a thin paste, and the end of the tube dipped 
in and then passed through a hole in the template, and the plate marked with 
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the impress of the tube in white ; this being repeated until all the template 
holes are shown on the plate in white. Then the cramps temporarily 
fastening the template to the plate or bar, and which are merely bent pieces 
of iron of U -shape, are knocked away, and the piece is ready for the punching 
machine. The puncher (operator) by continued practice gets very expert in 
sighting these marks and seldom fails to hit them correctly. At the same 
time mistakes occur occasionally. 

In the centre-punch method, a punch of the right diameter is passed 
through the template holes, and on being struck by the hammer leaves a small 
mark or indentation in the centre of the hole. This indentation is the guide 
for the "nipple "-punch, as described in Chapter VI 1 1., and it is evident that, if 
templates are correct and the marking-off and punching conducted with 
reasonable care, true holes will result even when several thicknesses come 
together. The only drawback is that the centre-punches on the steel are 
not always very easy to distinguish and this is got oyer in the third method 
by letting boys either follow the marker-off with the white-lead tube system, 
or surround the dots with circles when the template has been taken away. 
These serve to draw attention to the centre-punch marks, and are of consider- 
able help at the punching machine. 

It is the duty of the marker-off to paint on the bars or plates particulars 
as to the sizes of the holes, giving specific directions to the puncher, copying 
them from the instructions on the template. The punching machine is not 
worked from a drawing, and the marker-off s instructions are the only guide 
the operator has. Countersunk holes have usually a ring of white paint put 
round them ; changes in diameter are shown by figures, lines, and arrows, or 
other hieroglyphics — most shops having their own language in this respect. 

When work has to be punched and reamed, the templates should have the 
punched sized holes in them, so that there may be no mistake in marking-off 
and punching. It will be the plater's duty to see that after this operation 
they are sent to the drilling gangs to be made to the right finished sizes. 

In some cases plates and other material cannot be marked properly to size 
until the templates are made, as in the case of awkward angles or bevels, etc. 
It is these little points which are the plater's especial care. If the piece 
requires a great deal of setting out he will stop it going through the planing 
machines, by looking for it and setting it aside so soon as it comes into the 
shops ; it would be no use planing a rectangular plate all round and then 
shaping it entirely differently afterwards. At the same time, if the alteration 
is not much it can be planed in the regular way ; everything will depend on 
what has to be done. From the construction of planing machines it will be 
seen that they can only work in a straight line — they cannot be used for 
curved surfaces ; so that if it is curved web plates which are required, say 
for a solid-web arch girder, time spent in planing would be lost, as the whole 
of the planed edges would have to be cut away again. If, however, it is an 
odd flange plate or two, which will require cutting on the angle at one end 
only, there is no need to interfere with the normal course; it will upset 
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matters much lees to send the plate back to a small planer for the end only 
to be done, when the templates have come through. 

Curved girders give a great deal of trouble in the shops. As just noted, 
the webs cannot be planed, but they have to be brought to size somehow. 
Very often the girder suffers because the strict depth of web is not kept 
throughout by reason of this extra work. It is a temptation to roughly 
punch or shear it out a little under size, so that it will allow the flanges to 
sit properly ; when once the girder is together, such a course could not be 
detected, and if rivet-holes are dangerously near the edge the fact will not 
be apparent. There are no tools by which any given sweep or curve can be 
cut mathematically correctly except the hammer, chisel, and file. It would 
not pay to instal a machine tool even if one could be found — it would not be 
at work a quarter of its time. The only way at present open is to mark the 
plates out from the templates and to either punch or shear (whichever happens 
to be most convenient) as much of the surplus material away as possible, and 
then dress the plate to proper size by hand. If a pneumatic plant has been 




Pneumatic c nisei. 



installed, the pneumatic chisel will prove a great help. It is many times 
quicker than the hand liammer or set and flogging hammer method. Fig. 58 
will illustrate a type, and it is not too much to say that their introduction has 
revolutionised all chipping processes. The hammer proper is shown, aud it 
operates by an internal piston rapidly hitting a chisel which is loosely 
inserted in the left-hand end, by the agency of compressed air brought to the 
hammer by menus of a pipe fastened on the small nozzle seen underneath the 
handle. The trigger on the top of the handle is the air-regulator. These 
tools are exceedingly handy in the girder shops for all forms of chipping and 
effect a big saving over old methods ; two or three of them should be found 
in every shop. Not only do they cut rapidly, but they take a very much 
larger cut than can be attempted by a hand-chisel or even the set. For 
heavy work this latter tool used to be in general use before pneumatic 
hammers were available. It is merely a short stiff chisel held by means of 
a piece of J-m. or J -in. iron or supple wood, which is wrapped around it in a 
recess near the hoi id, and the two ends of which arc held in the hand, being 
18 in. to 2 ft. long. By means of this handle the set is held in position and 
is struck with a flogging or striking hammer. Two men are needed, but with 
a good striker fairly rapid progress may be made. 
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Marking-off should be done on proper tables, which should be placed 
conveniently near the planing machines so as to lessen the carrying about. 
It is not economical to throw plates down anywhere when they are planed, 
to pull out the ones wanted, and to clamp on the templates in whatever 
position they may happen to be lying. It is a slipshod, careless way of 
working, and one which is bound to result in errors and slips occasionally. 
Men cannot work either well or expeditiously under cramping or trying 
circumstances, and it will pay a hundred-fold to lay the plates and other 
material out at a reasonable height above the ground. There is no need to go 
to any great expense with the tables; cast-iron chairs about 24 in. high 
carrying old rails make the best trestles which can be had, and they can be 
covered with old boiler plate or stock or wasters as they are made, for every 
place, no matter how well conducted, must occasionally make mistakes. There 
is no gain in making them very wide; enough width for men to work on 
either side is all that is necessary, whilst there is nothing lost if they are of 
no more width than will allow of working one side only at a time. The 
great essential is that there shall be no lack of lifting tackle ; runners over- 
head and light cranes must not be spared, and the outlay will never be 
regretted. The tables are best suited to marking out plates and flats ; 
sectional material is better on the bare trestles ; being stiff enough to support 
itself, it can be got at better this way, besides being much easier to handle. 
It is surprising how quickly marking-off may be done with a little practice. 
It is only labourers' and boys' work, but they get wonderfully expert at it, and 
a small gang will keep quite a fair-sized shop going well. The work is all at 
day rates, and it therefore pays the foreman to look in at it frequently. 

The next step is the punching, and for this we have a variety of machines 
ranging from the old horizontal long-lever punches to the newest vertical 
types. There is perhaps a greater variety of these tools made than any 
other ; they are single-ended or combined with each other, with plate or bar 
shears, or with angle shears in an immense range of patterns. They are to 
be had belt-driven, steam, electric, hydraulic, or pneumatic, as preferred ; in 
fact, ingenuity seems to have gone mad in trying different methods and com- 
binations. It is quite difficult to buy a set of shears without them having a 
punch coupled on somewhere ; the craze for conserving power by making 
machines for a multitude of purposes has flooded our markets and shops 
with clever mechanical contrivances which are marvels of multum in 
parvo, and very often not much else. The proper sphere for the combina- 
tion tool is the small shop ; the large works has room in which to put down 
machines which will keep operations distinct and men out of each other's way. 
It is not always economy to make as much use of one motion as possible ; 
economy often steps out when one motion is made into a variety of uses. 
The utmost possible single use of any motion is the economy required in a 
large place. When buying machines the maker will often point out that for 
a trifle extra a given tool, say a punch, can have a pair of angle shears added ; 
thus the one tool will serve two purposes and cost considerably less than two 
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separate ones. This is quite correct ; capital expenditure will be much lower 
by such a course being adopted. Now comes the other side to the question. 
What sort of work is going to be done and what is the size of the shopl If 



FlO. 69.— Electrical I y-d riven double-ended punch in R-presa. 

the work will be miscellaneous because the shop is small, and it would be 
impossible to keep the punch going all day, by all means combine the two so 
that the maximum of work can be got out of the machine. But if the shop 
is large, so that not only one but several punches will be kept going all day 
and every day, have nothing to do with combinations of this sort One 
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operation in one place must be the aim if cheap work is desired ; a little 
capital saved in tools will mean a big current expenditure. 

Figs. 59 and 60 show double and single ended punching, presses of a well- 
known type ; fig. 59 is shown electric and fig. 60 belt driven. Either or both 
may be operated by belt or motor or be direct steam-driven as preferred. Fig. 



Flo. SO. — licit-driven punching prew. 

61 shows a hydraulic punching press; figs. 62, 63, and 64 illustrate a few 
out of the many obtainable types, each one of which is claimed to have some 
point of specific superiority. In a large works different-sized machines would 
be selected. Thus there would be no use in having, say, a number of the 
heaviest type with a gap of 48 in. and to punch If in. out of 1} in. Such 
a machine is more suited to a shipyard than to a girder shop. At least one 
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tool would need a big gap, so that it could take the largest plates, but 
much smaller gaps would do for the others. For instance, what is the 
largest size gap which would be required in punching sectional material t The 
largest commercial joist which is in use is the 20 x 7 j ; an 18-in. gap would 
take this well without the necessity of turning over. But angles and tees, of 
which there are by far the most to be punched, would be well accommodated 
with a horizontal machine, as in fig. 64, so far as gap goes. According to the 



Fio. 61. — Hydraulic punching press. 

size of the works would the machines be chosen. For a large place three or 
four different sizes would be the best. Machines can he bought with gaps 
varying from 72 in. to 12 in., and to punch to almost any requirement, so 
that as great or small a range can he obtained as considered desirable for the 
work to be done. 

Lever machines are by far the most common and, on the whole, the most 
satisfactory. There are at least fifty lever to one hydraulic or other system, 
tt must be admitted that the most popular is also by far the oldest, and that 
the hydraulic has been badly handicapped in starting ; at the same time, lever 
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Fig. 6?. — Combined punching, bending and ingle shearing machine. 



Flo. S3 - Combined punching, cropping, and angle shearing machine. 

11 
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presses forty and fifty years old are running to-day in some works, and so 
far as capacity for further service goes there would be no need to displace 



Fig. 84.— Horizontal punching proas. 

them ; it is only that they are slow and inconvenient compared with modern 
designs. Presses are run any speed up to about sixty strokes per minute. 
This latter is fast punching and wants a smart man, but with proper foot- 
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control gear it is quite workable. There is, however, no room for any 
other operations on the Bamo press while such work is being turned out. 
Hydraulic machines do not work at anything like this rate; in fact they 
are as a rule much slower than the lever presses ; their advantage is 



that having no shafting they take no power when not running, and they 
can be placed in corners conveniently for odd boles or small occasional work 
during assembling. 

There is nothing really new in punching presses except small conveniences ; 
main features of design have remained the same fur many years. Some long 
time ago filed multiple punches were introduced ; these were designed ho 
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that two, four, six, or eight holes abreast in a plate could be punched at any 
desired fixed centres. Then the plate was moved along in the ordinary 
manner, the result being that the longitudinal pitch was determined by hand, 
the cross pitch coming according to the spacings of the punches. About 
fifteen years ago De Bergues introduced their automatic multiple-punching 
press, of which there arc now several in British yards. This machine can 
punch any desired number of holes crosswise of the plate at any pitches to 
which the punches have lieen previously set ; at the same time it will feed 



Km. 68.— Multiple punch for tank work. 

the plate through automatically at any desired pitch, putting in also odd 
pitches when they occur. Fig. 65 shows this tool. For repetition work 
which suits it, it is exceedingly economical. Some firms make the same 
things year in and year out to exactly the same templates, and to them such 
a tool is invaluable, since not only will it do the work at less than a quarter 
the time taken by the ordinary single press, but it dispenses with a large 
amount of labour also. In addition to these recommendations, there is no 
need to do any marking off, and this time is therefore saved as well. There 
are a few other such tools on the market, some of them American, notablv 
one which will punch the webs and flanges of rolled joists at the same time, 



THE GIRDER SHOP— II. 165 

but they are all variations of the principles of this tool. The essential to 
their successful employment is repetition work. If a hundred girders are 
to be made exactly alike, and their riveting in suitable, a very great saving is 
bound to result ; but if each one of these girders is different then the tool 
will not pay to use. The repeated settings necessary and the trouble and 
attention it would require would quite nullify any other advantages. As it 



Fit.;. ST.— Small hydraulic punching machine. 

is necessarily very expensive, care would have to be exercised in its purchase, 
since a costly tool requires a great deal of work to make it pay interest on outlay. 
It is always possible also, with a little ingenuity, to rig up special tackle to 
the ordinary punching press when a run of, say, pontoons or tanks has to 
be made. Marking-ofF can lw done away with when a regular pitch only 
is required, by many devices which will occur to the engineer. 

A multiple punch specially designed for tank work, or wherever single 
rows of holes are required, is shown in tig. 66 ; sixteen, twenty-four, or more 
holes can be punched at once in the same straight line, and at any required 
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pitch, since the punches may be spaced apart as desired. Such tools are 
especially handy for sheet-metal work, at which they excel ; there is obviously 
a limit as to the number of large holes in thick plates which can be punched 
at once, and so for heavy girder work they are not of much use. 

Each punching press will have its own operator, who will be rated as a 
skilled man, and a gang of labourers varying from two to four or five, accord- 



Fio. 88. — Portable punching and shearing machine. 

ing to the work being done and the tackle equipment. If there is dearth of 
proper tackle and heavy flange or web plates arc being punched, four or five 
men will not be too many, whilst more than that may be occasionally 
necessary. Big plates take a lot of handling, and it is not safe to have too 
little help with them. If, however, there is plenty of good overhead tackle, 
a couple of men will manage most that comes their way, since their main 
work will be to guide and not to lift and pull. There is, perhaps, nothing in 
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a girder yard which pays so well to instal as proper handling tackle. By 
its np»4abour costs may be cut in less than half, besides the valuable time 
which is bound to be saved. 

The amount of work turned out by each press varies so greatly with tho 
class being made, the^tackle used, and the whole laying out of the plant, that 
it might be very misleading to give any figures regarding same. A fair day's 



fie. 69. — Hand-levor punching and cropping machine. 

work on perfectly straightforward stuff in the average shop should, however, 
yield about four to six thousand holes per punch. At the same time two 
thousand holes might be very stiff work ; whilst, again, six or seven thousand 
might mean no more. There are so many factors that it is difficult to offer 
any real guide. A great many shops put the mcu on piecework. The head 
puncher takes the work at so much per hundred holes and pays his own 
labour. Since the price must necessarily vary in every yard according to 
the average of the work done, it would be invidious to name amounts. 
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Very useful auxiliary tools for punching and shearing are shown in figs. 
67 to 71. They are exceedingly handy for assembling in the shops or in 
erection on site. They are not too big or heavy to be taken about, and yet 



FlG. 70. - -Hand-lever punching machine. 

for ordinary work they are thoroughly efficient. The engravings will speak 
for themselves and detailed explanation is unnecessary. It is astonishing 
how much work can be got from the common bear punch (fig. 71). The 
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tool is nothing but a common screw-thread in a suitable nut — a heavy screw- 
clamp in fact, but it will "bear" J-in. holes through $-in. plate with 
comparative ease, and larger sizes are capable of |-in. holes through -j-in. 
plates ! 

Taking them all round, punching machines, whilst perhaps a little barbarous, 
are yet of immense service to the steelwork trade. Work can be done at 
prices which without them would be very heavy, and taking everything into 
consideration they do very satisfactory work. When it is remembered that 
despite the fact that most rivets are closed with pressures well over 20 tons, 
and that therefore the aggregate put on to rivet flange plates together is 
enormous, yet no account whatever is taken of friction in calculations, it 
will be seen that there are potent factors at work of which nothing at all is 



Flo. 71. — Strew bear-puDck. 

recked. Take the case of the main angles of a girder closing on the webs. 
How many men would like to say the exact amount of bearing stress sustained 
by the rivets t True, it can easily he calculated —leaving friction out of 
account. But wc all know that the calculations are actually only com- 
parative—it is impossible to say that the rivets take the whole of this ; at 
the same time it is not possible to say just how much they do take. We are 
in the dark to a very great extent ; but it seems more than likely that any 
uncertainty which may be felt on the score of damage to the plate through 
punching is met and counteracted by the great pressures engendered by 
riveting. In any case it is not likely that the rapidity and certainty of 
punching will be displaced by new methods just yet, and so the commer- 
cial side of the matter may be trusted to assert itself again in its cycle, 
and for many classes of work we believe that punching will long remain the 
favoured method. 



CHAPTER XVI. 

THE GIRDER SHOP — III. 

After the punching comes the reaming or " rimering," as it is variously 
termed ; or, in those cases where drilling through the solid is required, the 
punching is, of course, omitted, and the drilling follows the marking out. In 
both cases the tools used are the same. 

There are two ways of reaming — doing it plate by plate, as in punching, 
or doing it when the various plates are assembled together. The first way 
is obviously not likely to give any better holes through a flange of several 
thicknesses than would punching the finished-sized hole at first; the only 
advantage it possesses is that it removes any damaged material caused by 
the punching, leaving perfectly sound metal around all the holes. This 
result may be to some Extent an advantage, but it is of nothing like the 
importance of getting all holes true and lineable throughout, either theo- 
retically or practically. It is therefore waste of money to reamer without 
doing it through the several thicknesses ; the prime object is to give true 
holes : the fact that damaged metal is also removed thereby is merely an 
added recommendation to the process. Unless the several plates or pieces 
are put together, and the drills sent right through them, they might 
just as well — and a good deal more economically — be punched full size 
at once. 

In most girders the majority of the holes are in the flanges, and it is of 
primary importance to first know how these aro to be dealt with. It is 
seldom that a flange is so heavy or unwieldy that it cannot be put on one 
of the many types of drilling machines made where either all its holes can 
be reamed or drilled, or all those not in the "break-joint" sections of its 
length. To do this the plates and angles forming it must first be assembled, 
and the plater will collect them together and lay them out in proper order 
according to his drawings. Most girders for delivery in this country will be 
sent away from the works whole, but when for export they will either have 
to be divided into suitable lengths for shipment or go in their several 
members, or even in cases " plate small " — that is, with all the material 
holed and ready for putting together, but no two pieces actually riveted 
up. The actual method of despatch will depend entirely on the size and 
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weight of the girder, since Shipping lengths and weights are necessarily 
limited. When a girder is going away whole its flange, if not too long, will 
be put together and taken bodily to the drills ; if too long and unwieldy for 
this, it will be done in suitable lengths, and the few holes which are at the 
joints will have to be put in by hand-tools when the whole girder is assembled. 
The small holes put in by the punching press will come in very handily now 
for temporarily fastening the pieces together during the reaming. A few 
service bolts or drifts put in here and there will serve very well, and do away 
with the necessity of clamping together, as when there are no holes in the 
plates and drilling through the solid has to be done. The bolts are moved 
about in the flanges on the machines as the reaming proceeds, so as to always 
keep everything solid together. 

Generally, flanges are thus laid out on the ground conveniently near to 
the drills, and if they are exceptionally large no better way can be found. 
If, however, they are comparatively small, a few tables for the purpose 
will be of assistance. It all depends on the normal character of the work 
as to whether such tables or trestles are worth putting up. If of a very varied 
description they might be more in the way than of use, whereas if of a 
medium tolerably similar character they might prove of great help. In 
many works the marking-off tables are used, and the same men who do the 
marking off do this assembling ; but that, again, will depend entirely on the 
output of the place. If so much is coming through that these tables are 
never <?lear the plan is not feasible. Plenty of light overhead tackle should 
be available wherever it may be done. One of the most wasteful sights in 
a shop is to see half a dozen labourers struggling with a big plate or angle. 
Tackle, not muscles, is what is wanted. It is much easier to assemble a 
flange which has been punched small ready for reaming than one without 
any holes in it. The holes assist the men in laying the plates properly; 
bars can be inserted and slight hitches given in any desired direction ; 
without the holes they must be lifted and eased or flogged a little with 
the hammer — a much more tiring job. Besides, when holes are to be 
reamed out there is no objection to " drifting " the plates together. ' Drifts 
are short round taper-pieces of iron or steel, usually about 6 in. or 8 in. 
long and with perhaps £-in. or f-in. taper in them, and of sizes corresponding 
to the holes for which they are to be used. They are flogged into the holes 
so as to draw plates together and bring the holes as fair as possible. In many 
specifications clauses will be found prohibiting drifting in consequence of the 
abuse which often goes with its use. In the old days when punched work 
was good enough for everybody, but the methods of setting it out were not 
quite so exact as now obtain, all holes which, on assembling, were not fair, 
but partook of the character shown in fig. 27, were forcibly drifted into 
shape for the rivets. Exceptionally bad cases were drilled out, but if there 
was any likelihood of a drift being of service one was promptly hammered 
in. Of course the result was to considerably injure the metal ; slight 
projections were broken down and a way made for the rivet regardless of 



172 CONSTRUCTIONAL STEELWORK. 

anything else. It was, in fact, the common practice to precede riveting by 
drifting the holes, and the riveters seldom thought of putting a rivet through 
without first forcing a drift in — knocking one down from the top and forcing 
it back again from the bottom. Designing engineers gradually got suspicious 
of the proceeding, until it got common to prohibit it — at all events on paper. 
There is no question but that a certain amount of drifting is necessary when 
several different thicknesses come together — there is no way so certain and 
so handy of getting plates to take their proper positions; and when holes 
are to be afterwards reamed out there seems no objection to it. It is, like 
many other things, good in moderation and in its place, but capable of abuse 
at times. One of the points for the inspector to watch is that it is only 
used in reason ; an inordinate amount of it should raise suspicion as to the 
accuracy of the templates used for marking oft*. 

When put together and bolted up with service bolts the flange is ready for 
transference to the drills, which should be so placed that it can be lifted direct 
upon their beds or trolleys by the shop cranes. 

These — multiples and radials — are the two standard types of drills in 
common use. Both are made in an infinite number of patterns and designs, 
but, with the exception of a very few special tools just being brought on the 
market, they broadly divide honours between them. Naturally the first drills 
to be used in steelwork were single drills, but they were obviously so slow in 
getting over the work that they were gradually displaced by multiples of 
which fig. 72 is a typical example of a modern type. Older designs had long 
beds on which to lay the work. Like multiple punches, there are so many 
drills abreast between two standards, and they can be set to any desired 
centres. In some machines the work is laid on the beds or trolleys and 
gradually led through the standards; in others the bed or trolleys are 
stationary and the drills are moved along. A travelling bed takes up the 
most shop-room, but is more satisfactory in use, since the moving heads seem 
more apt to wear and get untrue on their runners. Sometimes there are two 
or three heads to a bed, depending on the length of the latter. Each drill 
(there are often twelve to a head, so that two flanges can be laid side by side) 
can be run independently of the others, and so thrown in or out of action as 
required. When set, the machine both operates and feeds its drills without 
further attention until the holes are through, when it requires placing on the 
next pitch. 

Some few years ago a reaction set in against multiples. As they wore 
they developed a trick of breaking drills, this, curiously, being coincident with 
the extended use of twist drills in place of the common ones. The fault was 
traced to wear on the feed-screws and guides allowing the drills to run a little 
out of the perpendicular, and, as there was no room for deviation when the 
drill filled the holes from top to bottom, something had to go. Perhaps one 
drill out of four or six would snap, the broken part remaining in the hole. 
The only thing to do was to put a fresh drill in and go to the next hole, 
leaving the bit to be got out afterwards and the hole finished by hand. This 
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fault waa most particularly noticeable in drilling from the solid, and an mild 
steel came into use it was thought that the metal had something to do also 
with leading the drill astray, especially as new machiues seemed to develop 



the fault. The steel was said to cause the drill to run until the snapping 
point was reached, and so many delays occurred in changing and the expense 
seemed so heavy that the reactionary movement became very strong. The 
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binding action of drills running out of the straight was often so powerful as 
to stall the machine, and the subsequent operation of restarting may be better 
imagined than described. 

Single drills came again into favour, but in the form of radials and in 
" nests " of from three to half a dozen, similar to fig. 73. That is to say, these 
numbers were placed in line and driven by common shafting, in such a way 
that their radius of action overlapped so that they were able to completely 
cover any given length of flange plate. The theory was that, since the drills 
were single, less time was lost in changing, besides which there was no 
cumbersome head or bed to move, a slight swing of the radial or turn of the 
horizontal screw being sufficient to move from hole to hole. The drills were 
simply made ; only a pillar with swinging arm and fitted with vertical power 
feed — no delicate movements and mechanism such as the fitting-shop drill is 
equipped with, nor was any table provided. One man and a boy could look 
after a nest of six, so that practically the same number of drills could be 
running at once. It was also claimed that the cantilever arms allowed a 
little give and take, which, while detracting somewhat from the perfect shape 
of the holes, contributed towards lessening the drill breakages. Another 
advantage was quickly realised. Small rail tracks were laid either side the 
drills, and trolleys made suitable for them ; on the trolleys the girder flange 
was built up and then drilled as it lay. A flange could be assembled on the 
one set of rails, whilst another was being drilled on the other, and vice versd. 
This altered methods altogether; as many trolleys could be used as was 
necessary to keep the plates straight, dispensing with tables, and then simply 
run under the drills. The saving was plain and the demand for multiples fell 
off appreciably. By laying a few rails, heavy loads could be moved with com- 
paratively little effort, whilst the trolleys were most handy for light assembling. 

Up to now radial drills have undoubtedly remained the favourite means 
for either reaming or drilling, although much of the prejudice against the 
multiple has died out. Twist drills are very different to what they used to 
be, and though drilling through the solid is still a difficulty with multiples, 
yet reaming can be very quickly and efficiently done. So far as capital cost 
goes, there is not much to choose between a multiple or a nest of radials, the 
advantage the latter possesses being that they take up less floor-space and 
they are credited with needing less power. It is a mistake to pay for any 
refinements on radials for girder work ; they want to be perfectly plain tools 
with good long bearings and big collars to do the best service. A new tool 
lately introduced is shown in fig. 74. The work is laid on the bed, which is 
about 50 ft. long, and the drills are fed backwards and forwards over it. It is 
really a compromise between the radial and the multiple, and possesses 
advantages for some types of work. 

One of the points in favour of reamed work is that, since there is already a 
fairly true punched hole which only requires widening out, the drill has no 
tendency to run, but will follow the hole. Given good templating and nipple- 
punching, holes will be vertical, and thus a binding action does not get set up. 
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Naturally less power is consumed, and belts and gear run all the longer and 



l| 



sweeter. Another thing is that fewer chips arc made, since there is less 
metal to remove and the burrs are not troublesome. This latter is a point 
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against drilling from the solid which is not generally appreciated. No matter 
how well bolted together several plates may be, when a drill is forced through 
them burrs are set up on every plate. Admittedly a good deal depends on 
the drill ; if badly ground and the cutting bad, big burrs are bound to result ; 
but even when properly attended to drills will set up an appreciable amount 
of burring when drilling through the solid. If the flange gets riveted up in 
this state, there will be an infinitesimal distance between each plate, caused 
by the burrs holding them apart. One of the great advantages of hydraulic 
riveting is that it exerts a tremendous pressure on the plates and thus draws 
them tightly together. If, however, there is a burr at each hole, these cannot 
be entirely removed by compression and are bound to hold the plates slightly 
apart. This means that the atmosphere has access to each surface; that 
sooner or later oxidation will set in between the plates ; and that through 
inefficient contact the plates may slightly work under moving loads with 
disastrous resultant consequences. 

It is not improbable that in the near future the new grades of tool steel 
on the market will be applied- to steelwork drilling, and that a strong case will 
then be made for drilling all holes from the solid. At the present time it is 
possible to put a hole through 5 or 6 in. of solid mild steel in about a minute, 
and there seems every inducement to do away altogether with punching small 
and do the drilling first. Whether the trade is or is not coming to this it is 
yet far too early to prophesy, but, admittedly, drilling from the solid is the 
ideal way. If it were possible to plane all plates to length and assemble them 
on the tool-bed, merely marking the rivet positions on the top plates, and then 
drill right through the lot, a tremendous saving of time in templating and 
handling alone would result. We have not yet approached this, but manu- 
facturers will be the first to welcome such a change should it appear feasible, 
whilst for designers the results would be ideal. The bugbears of running and 
burring appear to be the greatest drawbacks to its realisation. Drilling 
through solid metal is very different w r ork to going through several layers, 
each one of which may differ slightly in homogeneity or density from the 
others. It may be that the rate at which the work is done will mitigate the 
trouble, though it rather appears as though it would only serve to accentuate 
it. Still, it is never safe to predict too much in untried possibilities, and 
should it happen that the new tool steel is to solve the problem, no one will 
be better pleased than makers. One great difficulty would be power, and 
whilst new tools might be bought and laid down, it would in many places be 
a problem as to where the extra horse-power would come from. A method 
which is even now being tried in one or two of our leading works is to punch 
the flange plate next to the angles only, and then when the flange is assembled 
place it under radials fitted with high-speed drills. The first plate being 
punched provides against the drills running from their proper position when 
starting, as they generally do if there are only punch poppet-marks for guides. 

If running takes place it is only a question of toughness of the drill and 
driving power ; the mere fact of running will not matter to the work itself. 

12 
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So long as the hole is true and properly filled with the rivet, it matters 
nothing whether it is exactly vertical or a little on the angle, so far as the 
strength or the life of the work goes. It is different with burring ; if this 
takes place and is not removed, the life of the girder is bound to be affected. 
All plates should be carefully and well painted before assembling {unfortun- 
ately they seldom are) ; but one coat of paint will not last for ever, and if 
the weather can get at the surfaces they will begin to corrode in time. If 
the burrs are all to be removed, the flange must be taken to pieces after 
drilling, and each surface thoroughly gone over, be painted, and then put 
together again — a very big job. Some of the advantages of drilling are 
bound to be qualified if this is done, since the plates will never again take 
the precise position they occupied before. 



Flu. TG.— Rftilial drills for light work. 

Typical drills for light work are those made by the Oerlickon Company ; 
they are electrically driven, and can be arranged to work the same as radials 
(actually they are miniature radials). For small holes through light work 
they are very good and fast working, and, being light and easily handled, 
they cover a lot of work very expeditiously. Fig. 75 shows them very well, 
and their handincss will be apparent. 

Further drilling operations will now be regulated by the size of the work 
in hand. If girders are small and within the capacity of the radials or 
multiples, the flanges and webs can be assembled and service-bolted together, 
the girder turned on its side, run under the machines, and reamed as it lies on 
the trucks or bed. If drilling from the solid is being done, a few tacking holes 
through the angles and webs for the reception of the bolts will have to be 
drilled by hand. Should the complete girder be too large for the drills, 
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there is no help for it but reaming in position, although, if of Warren or 
Linville type with heavy members, these can generally be taken to the 
machines for all but the holes jointing them to the booms. The aim will 
always be to get as much done at the drills as can be schemed, since hand- 
work — no matter how good the apparatus — is sure to be the most expensive. 
On large plate girders, for instance, the gussets with their angles or tees will 
be machine-drilled, leaving the holes into webs only for handwork ; in large 
and heavy booms the only holes left will be connecting ones, and so on. 

Assembling will usually take place away from the machine tools, so that 
there may be a clear space unhampered by shafting and belts or material 
awaiting machining. If large work is being put together, there must be 
both good head-room and large floor-space free of any obstructions, and 
with a thoroughly efficient crane service. When holes have been punched 
small they will be a very great aid in putting together, since a ready means 
is to hand for temporarily securing the parts together. Let the engineer 
imagine how he would begin to assemble a long-span railway bridge of open- 
web formation — say 200-ft. span — when his booms are each in eight or ten 
lengths with blank ends, and his diagonals and braces also with blank ends, 
and there is an inspector on the job to see that every hole is undoubtedly 
drilled through the solid in position ! Pieces of all sizes and weights up to, 
perhaps, 4 and 5 tons each have somehow to be steadied and held in position 
whilst holes are being put in ! Few shops would willingly undertake such a 
job in this country; the American would laugh at the idea. Of course it 
can be done; brains and tackle can do almost anything, but such require- 
ments are absurd and childish in the extreme. When punching small and 
reaming out to size is capable of giving just as good a finished job at a tithe 
of the trouble, the practical man may be forgiven for thinking hard things 
of the theoretical man's ways. The expense attendant on shoring into 
position, erecting false works, the poles and derricks necessary, with steam 
or electric cranes idle for hours merely supporting a ton or two whilst holes 
are being put in, is enough to try any works manager's temper severely. 
Generally, such jobs are specified to be erected before delivery, although 
perhaps it would not be wise to attempt to do such work in situ ; yet the 
presence of erecting tackle in the girder shops always seems out of place and 
a thing to be avoided. There is, however, no royal road to the solution of 
the problem. If it has to be done, risks must not be run through deficient 
tackle ; and if the size of the job renders it necessary, temporary scaffolding 
must be built and the work put together as accurately as possible, drilling 
proceeding as quickly as may be and always keeping pace with the assem- 
bling. It will, however, be plain that with no holes to help in drawing tight 
and forcing joints close, it is difficult to get as good a job with blank ends ; 
the small punched holes may be used for drifting tightly into position, and 
the whole girder can be temporarily put together and its truth verified 
before getting too far with the reaming and riveting. 

For reaming in position the ordinary ratchet brace is still much used, 
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but pneumatic or electric drills are more in favour. Where a com- 
pressed - air supply is available the first - named are as yet unsurpassed ; 
the little tools are light and portable, and may be carried anywhere on 
scaffolding. In appearance they arc very similar to fig. 34, only larger and 
heavier and fitted, of course, with the proper drills. Naturally they work 
far faster than hand methods, and get through a surprising quantity of holes 
in a very short time. They are used in cradles exactly as for hand-ratchet 
braces, and can be fixed to work in any position. Electric drills are not yet 
very largely used, though indications are that they will grow in favour. 
Unless the general plant is electrically driven, there is a difficulty in supply- 
ing these small hand-tools with power, though a portable apparatus is now 
on the market; it thus happens that the compressed-air methods have at 
present a big pull over the electric ones, and we hear much more of the 
former than of the latter. Perhaps prejudice may also have something to do 
with it ; the average workman would rather use air than electricity, and he 
can make air give much the better showing if he wishes. So far as economy 
goes, it is easy to produce figures proving anything ; actually the cheaper 
system will be determined by the prime movers at work. If electricity is not 
used otherwise in the shops, it can hardly be expected to prove exceptionally 
economical for such small tools — the smaller the motor the greater the 
expense per unit of power used. There will, doubtless, be great strides made 
in electric driving in the near future, but at present pneumatic plant seems 
on the whole more suitable and economical, notwithstanding its admitted 
losses by friction and leakage. 

With reaming only to be done in position, assembling is not a very big 
job, and holes are quickly ready for their rivets. It is not skilled work to 
enlarge a hole, though it becomes so if any marking out or drilling has to be 
done. The saving effected by reamed work is not confined to the drilling 
machine, but is felt right through all the processes. In very many cases it 
would be the best plan to defer the reaming until erection on site ; the small 
punched holes will serve for the temporary yard erection, and these would be 
readily enlarged on site, when the vaunted superiority of perfectly true holes 
would be taken the utmost advantage of. It would not be practicable in all 
cases, but if joints are driven up tightly, as they should be, and the holes 
drilled or reamed to size, and then the joint is broken to be put together again 
subsequently, it must be patent that the precise former position will not 
again be obtained, nor a very near approach to it, unless a lot of drifting and 
objectionable forcing into place is resorted to. If reaming or drilling in 
position is worth anything at all, it is worth much more if it takes place at the 
final stage. This is by the way. 

The assembling of steelwork will occasionally be more costly than the 
getting ready of the pieces. If a lot of scaffolding or false work is required, 
and the work is of such a nature that it has been deemed the safest to do a 
certain amount of fitting in place, as in a very awkward roof, the cost will run 
high, because highly paid labour must be employed. With plain bridgework 
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the travelling cranes and slung scaffolding will usually be all that is necessary ; 
but before large domes and arched roofs and such work can be assembled 
many props and much scaffolding are sometimes requisite. Whenever possible, 
the cheapest way is to put up a pole in the centre or convenient position, and use 
this to build up the work around it. Perhaps no other contrivance is so largely 
used in outside erection as the single pole ; it is just as handy for inside work. 

In most girders there will be camber, and, even if the drawings do not 
ask for any, a little will be put in, since all work — large or small — settles a 
trifle when it gets on its bearings. Nothing less could be expected from the 
multitude of holes and rivets and small parts of which any structure must 
perforce be built. In plate girders it must be allowed for in the webs, and 
when ordering material this must not be forgotten. If a girder 40 ft. long is 
to have 1 in. camber when finished, the girder yard will probably reckon on 
1 J in. or a little more. If the web plates are properly shaped, the flanges will 
follow suit, but enough material must be allowed. Supposing that the web is 
in two parts, that is, one joint in the centre, and it is 4 ft. deep, the ordinary 
rule would be to order the plates 4 ft. 0J in. wide, but since this would not cut 
the camber, they would have to be at least 4 ft. 1 in. They would then be 
set up a trifle at the centre, and the extra width would provide what else was 
necessary. In building up girders, especially open-web ones, the timber 
blocks on which the bottom flange is laid should be graduated to suit the 
desired camber, and the mere weight of the structure will cause it to follow 
the correct lines. When riveted up and put on its bearings, it will sag down 
a little with its own weight (for which the extra girder-shop camber allowance 
is the provision), and the finished camber is supposed to be such that, when 
the full load to be carried is assumed, the girder will be practically straight. 

It should be mentioned again, as a point to which too little attention is 
usually given, that plates ought not to be laid against each other and fastened 
together without being given a protective coating. Very often the only cover- 
ing steel has is that which can be seen when finished, and more trouble is 
likely to arise from this reason than from any other. Wherever a surface is 
covered up, as in overlying flange plates, angles to webs, cover plates, etc., the 
covered surface should either be painted or oiled — the latter for preference. 
Good boiled oil put on before riveting will not be messy like paint ; it does 
not contain any adulterations, and it will prove of immense benefit in 
resisting corrosion. If, as suggested in an earlier chapter, coating all material 
before it left the mills was adopted, there would be no need to do it just before 
riveting ; but, failing that, it should never be omitted. 

Countersinking of holes has not yet been specifically mentioned. It will 
seldom pay to do this on the machine, such holes being so few and far between. 
They are, consequently, generally put in by hand afterwards, unless (as 
sometimes happens) a whole flange has to be countersunk, and then the 
case is different. It is not hard work to countersink a few odd holes, and a 
labourer will soon do what is required with the ordinary ratchet brace or 
pneumatic drill. 



CHAPTER XVII. 

THE GIRDER SHOP — IV. 

Riveting, which follows assembling, is quite the most important operation 
in girder-making. Whatever may be said as to the merits or demerits of 
punched or drilled holes, planing or no planing, wood templating and 
nipple-punching, opinion will be general that it is in riveting that the 
greatest practical responsibility lies. It is in the soundness and strength 
of the thousands of little clenched pins we term rivets that the safety of the 
structure will lie, just as much as it does in the draughtsman's calculations. 
Let a few of them in an important joint be burned or otherwise injured and 
collapse may very well ensue. 

There are many considerations affecting good riveting; in a former 
chapter we reviewed the influence heating plays on its soundness, and drew 
certain conclusions therefrom. It will be as well if we now discuss the 
remaining essentials. 

First and foremost, the rivets themselves must be clean and good, with 
perfectly formed heads, no f razes, and with clean necks. As most people 
know, they are made from the bar in special machines, which cut them off, 
head, and clean them ; and in order to be good themselves, they must have 
been well heated and pressed in clean dies. If anything, the points must be 
smaller than the shank, but it is important that the shank is not taper in 
either direction, but that it holds full and true throughout. There must not 
be any fillet in the neck, as in fig. 76 ; but they must be clean, so that a 
single stroke will drive the heads up to the work. If there is any rounding 
the heads cannot come up to their places properly, and bad riveting must 
follow. No cracked or deficient heads should be allowed ; they should be so 
sound as to allow of flattening out cold with the sledge, without showing 
signs of imperfect welding. 

They ought to be heated according to the method of driving to be used, 
as already determined, with the object of obtaining the soundest job in all 
cases. In connection with this it should be stated that experiments have 
proved that the greater the load used for driving, the stronger the joint. 
Within the capacity of the rivet this is bound to be the case, since the 
more pressure used, the closer will the plates be brought together and the 
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greater the frictional contact. Again, the closer the plates, the less 
chance of a bending action being brought -upon the rivet, and the nearer its 
strength will approach to its full shearing value. If rivets could be put in 
cold and given a perfectly formed head under a tremendous pressure, the 
condition would be ideal. They would not contract further, whilst they 
would hold the plates in the contact the dies pressed them to. Since the 
points must be heated for machine work, a certain amount of contraction 
will always take place; and so long as this is not sufficient to injuriously 
affect the rivet no harm will be done, but the job made all the better. 
Consequently, high pressures are to be esteemed in riveting so long as the 
proper heating can be obtained. As close a contact as possible between the 
riveted surfaces, a rivet with perfect heads, and an unstrained shank properly 
filling the hole — these are the essentials to good riveting. 

To secure them all is not by any means a simple matter. If a big pressure 




Fig. 76.— Rivet with fillet 



is put on the plates, the rivet is apt to be strained through cooling. If perfect 
heads are secured, they may fly in contracting ; if an unstrained shank is 
obtained, the plate contact may be bad. It will not be the tools employed 
which will rule whether the riveting be good or bad— each system has its 
own characteristics and advantages — but the general management of the 
process. That thoroughly good work can be secured by hand-riveting is a 
proved fact; that execrable work can be turned out by hydraulic or 
pneumatic machines can be seen every day. The rivet must be suited to 
the tool, and the tool to the work ; but, above all, the men must be masters 
of their job. 

With hand-riveting most engineers will be perfectly familiar. A gang 
will consist of three men and a boy — one holder-up, two riveters, and the 
boy to heat the rivets ; sometimes a second boy is needed to pick up if the 
fire is far from the riveting spot. In riveting a flange the rivet is pushed 
into the hole from below with a small pair of tongs, and the holding-up 
hammer placed on its head. This tool is a hammer-head with a recess in 
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each face to fit a rivet-head, and it has a strong wooden shaft of some 5 to 
7 ft. in length. The shaft is placed alwut a foot from the head, in a 
sling conveniently hung, and which acts as a fulcrum ; pressure on the end 
of the shaft then forces the rivet up to its place and holds it there during 
the process of riveting. The hot point is well hammered down by the two 
riveters with hammers having long, slightly curved heads ; and when well 
turned over these are laid aside, one man picking up the snap, which is held 
by means of a hazel stick twisted round it in the same way that a set is held, 
and the other the flogging hammer, which he wields until the snap has 
properly rounded and formed the head. Thus the success of the riveting 
depends on the holder-up offering a good resistance to the two riveters and 
the rivet being a good white-hot heat, otherwise the head cannot be properly 
formed, and the plates will not be brought together sufficiently by its 
contraction. For riveting in confined situations where the ordinary 
holding-up hammer cannot be used, a short " dolly " is employed, this being a 
stiff piece of metal about 2 in. or 2J in. diameter, and IS in. to 24 in. 
long, cupped at the end to receive the rivet-head. It is merely held against 
the rivet by the holder-up, aud wants careful use to get good work. A good 
hot shank with a point at welding heat is what is wanted for hand-riveting, 
but this is useless without a sharp, quick gang. Practically, hand-riveting is 
now confined to those places where a power riveter cannot be used, and for 
field — i.e., erection — work. 

Of power riveters there are three principal types — steam, hydraulic, and 
pneumatic. The first-named is the oldest, and originally consisted of a 
piston actuating the dies direct. These were superseded by crank or cam 
movement actuated by belt or direct by steam, with a fly-wheel, which pushed 
the riveting snap towards a fixed dolly or hob. Different lengths of rivets 
were managed by different length snaps. Of course the machines were fixed 
and all work had to be brought to them ; generally a light gantry was built 
over with blocks on movable carriages, from which the girders were slung. 
The rivets were heated in a small furnace and put in the work three or 
four at a time. It was a great advance in economy over the hand method, 
and for medium-class work seemed to answer fairly well, so long as the snaps 
were the right length. It was not good work, since there was apt to be very 
little pressure put on the plates and the rivets were a dull-red heat throughout ; 
heads were neither good nor clean. This system has been developed into 
MacColl's patent riveter, which is a combination of this method and hydraulics, 
and which is capable of doing first-class work. Fig. 77 shows the machine 
partly in section to illustrate the working. Briefly, the cylinder and 
reservoir are filled with liquid (glycerine and water), which, when the back 
piston is pushed forward by the mechanism, becomes compressed and actuates 
the piston attached to the snap ; a loaded safety valve is placed into connec- 
tion with the cylinder, so that, when the pressure reaches a predetermined 
point, the liquid escapes back into the reservoir. Thus the exact pressure on 
the rivet is always known, and it is not necessary to change the snaps, as the 
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machine thus automatically adjusts itself to any thickness of plates and 
always at the required pressure. The idea is simple, and the tool is not liable 
to get out of order, and the pressures can lw regulated according to the size of 
rivet being put in. The arrangement is typical of what should be embodied 
in this class of machines, and will work at pressures up to 60 tons on the 
rivets, so that it is suitable for heavy work. In action it is very similar 



Fio. 77. -HacOoll'a patejit riveter. 

to hydraulic or pressure pneumatic tools, and should therefore be fed with 
similarly heated rivets. The cut shows it as belt-driven. 

Hydraulic tools are made in very wide ranges and patterns, though the 
principle of them all is the same. Pumps arc used to force water into an 
accumulator Tinder varying pressures (1500 lbs. to the square inch is a very usual 
one), the size of which is regulated by the number of riveters to be fed. 
This is placed in a convenient central position and acts as a reservoir from 
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which the tools draw their power, automatic connection with the pumps being 
made bo that the accumulator may never get empty. All mechanism is ex- 
ceedingly simple in design ; the pumps are usually belt-driven, though they 



Flo. 78. — Fiied hydraulic riveter. 

may be direct steam-acting, and are merely rams forcing the water in front of 
them ; the accumulator is usually a vertical hollow column in which slides a 
ram which in heavily weighted. The pumps force the water into the column, 
which gradually causes the ram to rise until it protrudes the full length of its 
stroke. The water then in the column is at the pressure determined by the 
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weighted ram. Pipes laid in the ground convey the power to convenient 
pointe where it may be utilised. 

The machines are of two types — fixed and portable. In the one the work 
must be brought to the tool ; in the other the tool is taken to the work. Figs. 
78 and 79 will fairly represent the fixed type, and it will be noted how different 
in appearance they are to fig 77. The riveting apparatus is merely a cylinder 
to which the compressed water is led, and this acts on a piston or ram to which 



Fio. 79.— Filed hydraulic riveter. 

a riveting snap is affixed, pushing it forward against a fixed hob or dolly. 
The snap is made to retract by power, and the used water is led back again in 
pipes to the rams to be used over again, or is discharged, as convenient. 
Various refinements have been introduced, and efficient controlling valves are 
necessary, but this is briefly the principle upon which they work. According 
to the size of the riveting ram and the pressure of the water will the power 
on the rivet be varied, and tools arc to be bought of as low a power as 
15 tons or as high as 80 tons. 

The highest powers are needed for big boiler or other work where large 
rivets have to be driven and joints uiade secure against heavy pressures. The 



188 CONSTRUCTIONAL STEELWORK. 

majority of constructional steelwork jobs seldom require more than 1-iu. or 
1 J-in. rivets, 1 J -in. being used very rarely, bo that tremendous powers are not 
so imperative as for boiler-making. At the same time, big girders are not 
so readily handled as boiler shells, and experience has proved that in nineteen 
cases out of twenty it is better to take the tool to the work than the work to 
the tool. Thus fixed riveters are not in much favour in our shops ; a small 
portable one can be carried almost anywhere, and can be handled easily in any 
position, whilst this cannot lie said of big girders. 

Consequently, the demand has led to the development of riveters which 
can be slung from cranes or gantries, and which derive their power from the 



Fin. 80.—" Be»r " type of hydraulic rivetrr. 

pressure mains, connection thereto being by means of flexible or jointed copper 
pipes. They arc made in two types — -the "bear" type, with cylinder over the 
snap ; and the hinged type, with cylinder as far removed as possible from the 
snap, and are respectively shown in figs. SO and HI. Fig 81 is a special 
design for girder work, and whilst some shops seem to use theui exclusively, 
others which have both generally use fig. 80 in preference. The hinged type 
is supposed to be preferable to the bear type, because the snaps are clear of 
the cylinder and valve, and are therefore capable of being poked into more 
confined and awkward positions. Undoubtedly this is so; on the other hand, 
there is an important joint extra, whilst the cylinder and ram do not work 
truly vertical {neither do the snaps), and more difficulty is experienced in guid- 
ing and handling. A hinged riveter always seems to leak more and need 
more attention and repair than a bear one, and so shops get in the habit of 
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using the latter — perhaps because they are more often available for use, and 
putting in those rivets which cannot be got at, by hand. On most girder 
work the meting is plain and straightforward, and the "bear" will do as 
much as the hinge. For general work two or three of the "bear" type and 
one of the hinged seems the best policy — especially as the latter is a trifle 
more costly. 

A simple riveter is the best— as plain and inexpensive as can be bought. 
The elaborate hanger shown in fig. 81 can be fitted to either type, but it is 
only in the way on straightforward work. One would be useful at times, but 
no more need be purchased— it would only be waste of good money. 
Labourers can be trusted with a perfectly simple machine, and they do work 



Yin. 81.— Hinged hydraulic riveter. 

just as fast and well as skilled men ; but if complications arc introduced the 
labourer is quickly at sea and requires too much oversight to make hia em- 
ployment pay. Two youths and a hoy will be well able to work one riveter, 
and on straightforward work will put in al>out one hundred rivets per hour, at 
a lalKjur cost of about tenpetice. The saving over handwork is apparent, when 
one hundred rivcta may cost seven and sixpence. Hydraulic riveters have 
been worked at the rate of nearly two hundred rivets per hour, but this is 
exceptional. 

Some of the larger riveters are fitted with "plate closers," which are 
simply auxiliary rams operating so as to squeeze the plates together before 
the rivet is snapped. They arc useful when thicknesses are heavy and bolts 
do not draw plates closely t*>gcther ; but they are a little superfluous in the 
girder yard, where layers generally lie fairly closely and service bolts are 
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sufficient for all ordinary purposes. They only add complications for not 
much gain, and their proper sphere is boiler-making. 

Practically the only difficulties found with hydraulic machines are keeping, 
the packing tight and preventing loss of water through leakages in pipes and 
their joints. U -leathers are usually considered the best for all rams, whitet 
frequent attention is the only thing to keep pipes and connections in order. 
One point in favour of hydraulics is that power never goes long to waste 
without attracting attention. The men at work will not get wet through 
without speaking about it, and a leaking pipe is always plainly to be seen. 
Some makers prefer to conduct the water to the tool by means of jointed and 
bent copper pipes from the main, averring that flexible hose is unreliable. 
Some makes sold undoubtedly are, but hose is to be obtained perfectly well able 
to stand up to 1500 lbs. per square inch, and there is no question as to which 
is the handiest in use. Copper pipes have to be most carefully used or they 
are an incessant nuisance, the springing in the lengths always tending to play 
havoc with connections. It pays over and over again to get good wired 
flexible hose and renew it as it wears out ; it can be carried and looped 
anywhere, and is not a tithe of the trouble in disposing of conveniently as is 
a copper pipe. If flexible metallic hose could be made to carry the pressure, 
there is no doubt it would possess great advantages over either. There are 
several different patterns of unions and turn-on valves in the market, any of 
which from a good maker may be relied upon. 

As regards advisable working pressures on the rivets there are many 
opinions, as is evidenced by the great range of powers it is possible to buy. 
The primary object being to snap a thoroughly sound head and to squeeze 
plates closely together, it follows that if the rivet iron or steel was good 
enough a very low heat with a very high pressure would be at least as good 
as a high heat with a comparatively low pressure. A very high pressure and 
heat combined are not desirable, for reasons stated in Chapter X. A high 
pressure is not really necessary to make a good head unless the heat is low, 
so that for best results pressures should be graduated to heats and diameters. 
This is not feasible ; if complications are introduced other advantages are lost. 
Riveters are to be bought which are capable of exerting double power when 
required, or nearly so; that is, if 25 tons is their normal pressure, they 
can be so fitted that it can be increased to 45 tons; but they are only 
recommended for abnormal occasions — the ordinary riveter which lias to take 
the brunt of the work ought to be as plain as it can be made. A simple 
way of varying pressures would be to alter the accumulator loading, or the 
employment of intensifiers ; but this would mean altering all the riveters at 
work, which could not be allowed, besides meaning that all pipe-lines, 
hoses, and riveters, etc., should be capable of carrying a high pressure per 
unit of area. 

Rivets may only be heated in a way which will pay and is feasible. We 
shall have occasion to deal with the various methods available presently ; in the 
meantime it may be stated that average accepted pressures are 20 tons for a 
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f-in. rivet, 25 tons for a J-in., and 30 tons for a 1-in., and these will be 
found ample for ordinary work. They are sufficient to ensure good heads 
at a moderate heat, and are not too much if occasional rivets should be 
hotter than the ordinary. There is another factor which enters to an extent 
into the matter and which has not yet been mentioned — the question of the 
number of thicknesses coming together. It is sufficiently obvious that two 
£-in. plates riveted together will not need the pressure which eight J-in. 
plates do to make an equally good job, and it follows that the heavier the 
work the greater the pressure required also. Fortunately, heavy work and 
heavy rivets generally go together, and the pressures given will be suitable 
for all-round use. If l£-in. rivets are to be used, about 35 to 40 tons might 
be used, and for lj-in. up to 50 tons. At the same time, if the riveters 
available are not capable of this power, the rivets may be made hotter than 
usual and put in at the lower powers, when practically the same results will 
be obtained. A medium-sized shop should then be equipped with tools of 
different powers ; if it is possible to have five or six in the plant, it will be 
of advantage to have them of 20, 25, 30, 40, and 50 tons capacity, and they 
can then be used to the best advantage. If the plant is small, riveters of 
25 and 35 ton capacities will be the handiest, whilst if only one tool is 
required it is hardly likely that big work will have to be tackled, and a low 
power will then be suitable. 

It must not be overlooked that very differently sized gaps are required at 
times according to the work being done, and the tools must be bought 
suitable for this also. The most convenient sizes seem to be 12-in., 18-in., 
24-in., and 30-in. gaps, with perhaps a 36-in. one as an extra ; their widths 
are also important, and corresponding figures would be 9-in., 15-in., 18-in., 
and 20-in. The 12-in. x 9-in. makes a very handy size for running down 
flanges, and if a 1 2-in. x 24-in. can also be afforded it will be of great help 
in closing the rivets through angles and webs. The 30-in. x 20-in. will take 
most of the web rivets in medium-sized plate girders. Small, easily handled 
riveters are much preferred by the men to large clumsy ones, which only 
justify their size once in a while. It is far cheaper to go quickly over 
ground leaving out a few to be put in subsequently by hand, than it is to go 
slowly over it because the tool is unwieldy, although every rivet may bo 
put in. Stationary riveters may be left alone without any great loss for 
girder work. 

Pneumatic riveters are of three types — toggle-jointed, pressure, and per- 
cussive ; and as they are later comers than the hydraulic system, they have 
not yet had that thorough winnowing which the latter has gone through. 
Figs. 82, 83, and 84 illustrate each type, and it will be seen how much they 
vary externally. The first two are pressure tools, the one communicating 
through a toggle joint, whilst the other is direct. Naturally there will be 
somewhat less wear and tear on the direct than on the toggles, and in so far 
the one is better than the other. As a set-off the direct type has a large and 
unwieldy cylinder which is somewhat in the way, and the gap and frame are 
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not what one has been accustomed to in girder riveting. On the whole, the 
toggle riveters aeeni to hold the field at present, and they have done and are 
doing some very fine work. Compressed air possesses advantages over water 
which cannot be denied ; perhaps its best recommendation is that no freezing 
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Via. 82.— Toggle-juinted [ii.euniatic riveter. 

of pipes is to be feared in winter ; and secondly, the lower pressure worked at 
permits of much less expensive mains and connections being put in ; no 
return system is wanted either, and these three ]>oints must weigh when the 
instalment of plant is being considered. Hose and piping to stand 80 to 
100 lbs. pressure is much more readily purchasable than if 1500 lbs. has 
to be carried. The compressor necessary will correspond to the pumps and 
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the receiver to the accumulator; pipe lines and hose are equally required, 
bo that there in great similarity in the two systems. As regards first cost, 
perhaps the pneumatic has the advantage ; and if water happens to be dear, 
there may be a little saving in this respect in the upkeep. Again, the 
pneumatic system is convenient for the smaller hand-tools — drills, chippers, 
and riveters. The first two have already been dealt with, and the third is au 



Fig. S3. — Direct -prendre pneumatic rivi-ter. 

application of the same principles. The hand-riveter is simply an enlarged 
chipper, and there is no doubt but that it is in good bands a most efficient 
tool. Fig. 85 illustrates it, and it can be obtained in various sizes, designs, 
and weights to suit different diameters of rivets. It is used in conjunction 
with either the ordinary holding-up hammer or dolly, as for hand-riveting, 
or with a pneumatic holder-up, as fig. 86. The last makes the best job 
where it can be used, as it provides a solid resistance to the hammer strokes ; 
but as it needs a support or rest of some nature, it is not applicable to all 
circumstances. Practically it consists of a cylinder into which air is admitted 
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thus forcing a piston outwardly until it meets something stable, when the air- 
pressure inside keeps it in its place ; a flange or bar resting on an opposite 
side or flange will serve the purpose. It is claimed that these riveters will 
drive rivets up to lj-in. diameter, but they are -exceedingly tiring on heavy 
work, though perhaps not more so than any other hand appliance would be ; 
still, rivets of that size are really beyond anything but the heaviest machines, 
unless they are in positions where they cannot be otherwise got at, when the 
best obtainable job must perforce be made. For ordinary shop and erecting 
work up to 1-in. and 1^-ia rivets these hammers are exceedingly useful, and 



FlG. 81. — PeicusaifB pneumatic riveter. 

will do a lot of work. They are quite simple in construction, being nothing 
more than a rapidly moving piston actuated by the compressed air, which 
strikes the snap several hundred times per minute. The force of the blow is 
not equal to that made by a riveter with his hand-hammer, but since there 
will be ten or twelve blows given to every one of the latter, better work — 
or at least as good— can be done, whilst it will be much quicker, 

The percussive portable riveter is really a hammer inserted in a 
gap frame, as will he seen from fig. 84, It possesses the advantage of 
being its own holder-up, and it is naturally much lighter than either the 
toggle or pressure types. For places doing light work with only a minor 
amount of riveting it is well adapted, but it can hardly be classed as equal 
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to the other types for everyday iiae. It is not suitable for heavy structural 
riveting. 

The special point of recommendation iu pueumatic plant is the great 
variety of uses to which it can bo put. Riveters of the stationary-pressure 
kind may be had which will exert a pressure of 75 tons and more, or they 
may be had in any intermediate power, both fixed and portable, down to the 
small percussive hammer just noticed — all this at the same receiver pressure, 



Fio. 86. — Pneumatic riveting hammer. 

and all fed by the one receiver if desired. It is evident that to many shops 
such a -range will appeal strongly, and there is small wonder that the system 
is being so widely taken up. Where extensive chipping, caulking, field 
drilling, reaming, and riveting has to be done compared with a moderate 
amount of shop work, it cannot but be admitted that pneumatics are first 




Fio. 86. — Pneumatic holder-up. 

favourites. Nearly all small concerns, and more extensive ones dealing with 
light work, will be suited by this plant. It cannot be said that it is as success- 
ful with heavy as with light work, or that it is as well adapted ; but its 
versatility is at present unmatched by any other agent. 

One point must be emphasised, and that is, that for all percussive riveting 
the rivets must be hot throughout with white-hot points. There is no plate- 
closing effort exerted beyond the hammering given, and contraction is needed 
to draw the plates together — more especially so as layers increase in number. 
A white-hot point is the essential to a good head, and a hot shank to prevent 
loose rivets and slack plates. 
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In comparing pneumatics with hydraulics, it is necessary to clearly have 
before us the aim in view. Both systems are simple and free from com- 
plications, and when there are two such strong rival claimants to favour all 
prejudice must be laid aside and the matter considered solely from the point 
of the end to be accomplished. From what has been said the reader will 
have gathered that all the advantages are not on one side only. Owing to 
the immense initial pressure, trying on mains and connection pipes and valve, 
but rendering the tool simplicity itself, hydraulics have undoubted claims to 
heavy work. So long as leakages are not present, less skilled men can be 
trusted with the tools, whilst breakages are practically unknown. In order 
to get big loads with pneumatics, either a multiplying toggle device must 
be used with its extra joints and machinery, or big cylinders with their 
cumbrousness employed. Both are capable of making good results, and 
where only a little heavy work is needed they will serve, but where there are 
joints there are repairs, and there is extra weight and size to be moved and 
handled in both. 

Looking at the practice of our foremost works (and it would be odd if 
the practical men in charge were very far wrong), and employing the results 
of our reasoning, we see that hydraulics are very far from being ousted by 
their younger rival. For heavy continuous service they are stillf and rightly 
so, preferred. Where the proportion of shop work exceeds that of field or 
assembling work, as it does in most large shops and many medium-sized ones, 
they are the best tools for the purpose. Well-made apparatus and services 
give very little real trouble if looked after at all, whilst the portable tools 
are handier and more easily managed. Both fixed and portable tools have a 
longer life and need less repairs than do pneumatic for heavy continuous 
service. The higher we go in the scale of loads, the more advantage is 
shown by hydraulics. Tools giving up to 200-tons riveting load are to be 
found in some works — an almost impossible amount for pneumatics. 

Where, then, the plant is large, and also in any place having runs of 
straightforward riveting, a combination of hydraulic and pneumatic tools is 
usually found, the latter being in use for field and assembling work. One or 
two portable pressure riveters for putting in rivets through several thick- 
nesses, a few percussive hammer ones, with chippers and drillers, will be equal 
to the assembling demands of a large establishment, and for this they 
cannot be beaten. 

Again, where shop work is light, as in places making a speciality of roofs 
and light work, and where there is not much straightforward riveting, but 
much of it must be done in place, or a little at a time, a complete pneumatic 
plant will be the favourite. In such a shop one pressure riveter will seem 
to do a lot of work, whilst the percussive onea — one or two with a gap 
attached — will be always in demand. It will not be worth while running 
two systems, since all that is wanted can be had from the one. 

Rivet-heating apparatus — perhaps the most generally neglected process 
in all works — must now be briefly noticed. During the discussion on tools 



THE GIRPEB SHOP — IV. 197 

and rivets desirable conditions of heat have been stated, and it may at once 
be said that there is no really efficient means of properly and uniformly 
heating rivets yet on the market. There are gas fires and muffles, oil 
furnaces, and coke fires of seemingly endless description, every one of which 
is urged as the' solution of the problem. 

If rivets at a uniform red-hot or even white-hot temperature are the 
end and aim of all apparatus, then there are several which may claim to be 
efficient, and figs. 87, 88, and 89 will show their construction. They are typical 
of the best yet to be had, aud will undoubtedly do as their makers claim — 



Fio. 87.— Portable rivet furnace. 

turn rivets out at a regular heat without burning. It is this latter bugbear 
which has obscured the real question. Burnt rivets are and always have 
been dreaded by both maker and engineer for evident reasons, and apparatus 
has been sought which would effectually get rid of a very serious trouble. 
On all hands it is admitted that they cannot be tolerated, and so far very 
good service has been rendered. But as the burnt rivet has practically made 
its exit, in has come the cracked head unci heads which fly on cooling. With 
the old-style hand-riveting, cracked heads were comparatively unknown, mid 
were always recognised as being due to too low a heat ; nowadays they are 
put down to inferior material. Metal is now so ductile that a head can almost 
be hammered cold without seriously splitting, and so a defect really due to 
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deficient heating has been largely met by a better grade of steel. So far bo 
good ; there does not seem any valid objection to this. But heads which fly 
want a different explanation, since they indicate that something is wrong 
with the shank, and it is this which is being ignored by those who should 
know better. A red-hot shank u not suitable where great preeture it employed. 
Reason and common sense both argue that when plates are as close as they 



FlO. 88.— Rivet furnace. 

will go, stress must be set up within a contracting rivet — a stress it should 
not be called upon to bear. The mission of a rivet is to hold the plates in 
the position the power dies have left them, and to be able to exert its full 
strength when called upon. If it were not for our large factors of safety 
there are many structures which would to-day be absolutely unsafe. It is 
not too much to say that many rivets are subject to stresses which the 
designer never contemplated and has not the faintest notiou of. 

A red-hot shank is a necessity when contraction is relied upon to bring 
surfaces in proper contact, as in band and percussive pneumatic riveting. 
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It is here of distinct service, and so long as the point is hot enough to be 
properly snapped by the tools nothing more need be asked. A uniformly 
heated rivet is particularly suited then to this riveting, and will do better 
work than any other. 

But for high pressures a cool shank and hot point are necessities. There 
must be as little contraction as possible, whilst there must be sufficient local 
heat to ensure a good head. The days of punched work are now apparently 
so nearly over that the obligation of upsetting the shank does not now exist. 



Flu. 89.— Portable rivet furnace (another type). 

Rivets tit their holes tightly, and do not want to be any warmer than con- 
duction allows, and the problem of providing this has yet to be solved. The 
longer the rivet the greater the necessity, since the more contraction 
there will be. 

The old way of a coke breeze fire and the rivets suspended through holes 
punched in a plate is something of what is wanted. The shanks should be 
protected and the point* exposed to the heat. This sounds simple and 
easily secured, but the difficulty ia to keep up a sufficient supply. One of 
the furnaces illustrated will keep two or three hydraulic riveters going as 
fast as they can work, whilst it would take two or three small coke fires 
to feed one in the way suggested. Coke firea cannot be dotted everywhere 
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in a shop — there is no room for them; neither is an apparatus wanted 
which needs unremitting attention. Something wants inventing which 
will heat rivets as surely and expeditiously as present methods, but will 
heat the points only. 

A method adopted in some shops is to take firebrick plates of various 
thicknesses* having sixty to eighty holes through them, and through these 
insert the rivets over a coke breeze fire ; but it is not satisfactory, since the 
chance of burning is ever present. An adaptation of this to a gas or oil 
furnace which maintained a stated temperature would be the ideal way, the 
great difficulty to be overcome being varying lengths and diameters of rivets 
and thicknesses of plates. To the ordinary muffle furnace diameters and lengths 
make no difference ; all are pushed in the hopper for use as required without 
alteration or changing. It is more than probable that a compromise will 
have to be found somehow ; it is of no use designing anything which will need 
the services of any but a boy — simplicity must be obtained ; and so the problem 
stiffens. There are one or two furnaces which are reported as being able to 
do what is wanted, but nothing that has received such a testing or extended 
use as would warrant the statement that solution was arrived at. Coke fires 
are not reliable, and it seems as though their use for rivet-heating has 
nearly come to an end. 

Many foremen and riveters, finding by experience that high uniform 
heats are not suitable for heavy pressures, put rivets in at as low a temperature 
as they can get the machines to work at. In many shops rivets at a little 
over black heat can be seen closed daily. It is the practical man's way out 
of a difficulty which he does not clearly understand, but it is only meeting 
things half way and is at the best a reprehensible practice. Those inspectors 
who insist on a 6-in. long, 1-in. diameter rivet coming out of the muffle well 
hot, and seeing it closed immediately at about 35-tons pressure, are far from 
aware of the results which will follow their directions. By all means see 
that the point is hot enough for a perfect head, but keep the shank as 
cool as is reasonably practical. 



CHAPTER XVIII. 

THE SMITHY. 

For convenience of designation all steelwork (with the exception of rivets) 
which has to be heated before it can be worked may be deemed to be treated 
in the smithy, and the requisite tools can be described under this heading. 

It is somewhat astonishing, considering the changeability of the times, 
how firm a hold the smith's hearth and anvil has upon our work, and yet 
it seems further off than ever now from being ousted. It still remains the 
chief and essential part of the smithy, and probably always will do. Many 
auxiliary tools have been added to the equipment, but nearly all in some 
way further and expedite the work of the anvil to which their products 
come for finishing. Certain work — best work — is still often made entirely 
throughout on the anvil, and on it the smiths of to-day are no better and no 
quicker than those of fifty years ago. 

In constructional steelwork though, with its plainness and hugeness, it 
has been possible to devise many helps to rapid and economical work, and a 
modern smithy, or that part of the shops given over to heated metalwork, 
is not complete without many new or comparatively new tools. Amongst 
them may be mentioned the steam, pneumatic, strap, and hydraulic hammers, 
the hydraulic press, power swaging tools, welding machines, and special 
tools, formers and blocks for most processes. From the employment of 
hand-power alone, we have progressed to the use of hundreds of tons of load 
performing the former work of days in minutes and seconds. 

It is seldom that any steelwork is so designed that it can all be worked 
cold, notwithstanding the obvious saving to be effected. Perhaps the most 
called for adjuncts to girder work are the cranked stiffeners or angles 
required, and a rapid and economical method of bending them is very 
necessary. Both joggled and kneed work used to be performed entirely by 
hand, strikers being employed to hammer into shape. Even now, if it is an 
odd size and perhaps only one or two wanted, this will be the best way ; but 
for all repetition or standard work the hydraulic press is far before other 
methods. In small shops not possessing a press, blocks are used for kneeing 
and the section bent over them by hand. Suppose that a 5-in. x 3-in. x |-in. 
tee has to be kneed over a 3£-in. x 3£-in. angle, the blocks will either be 
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a casting shaped to the inside form of the knee with a groove cored out to 
receive the web of the tee, or two cheek castings which will be bolted 
together with a distance plate of the requisite thickness. Fig. 90 will show 
the blocks. The tees are heated at one end, as far up as is necessary, on the 
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Fig. 90.— Block for kneeing. 

hearth of a furnace, which is usually coal-fired, to a good, nearly white-hot 
heat. When ready they are withdrawn, and the hot end is laid on the 
block and clamped by means of a shackle and wedge at A.. A long lever, 
forked at the end and prepared for attachment at 6, and furnished with a 
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Fio. 91. —Lever for kneeing-block. 

roller as in fig. 91, is then hastily pinned to the blocks, and a couple of 
strikers, seizing the round end, pull it down until the tee is forced around 
the block, somewhat as in fig. 92. The lever is then quickly taken off, and 
the smith uses his flatter, the strikers each swinging a sledge-hammer. So 
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Fio. 92 — Mode of using lever and kneeing- block. 



soon as the tec follows the contour of the blocks it is unshackled, and the 
.web, which has perhaps buckled a little, is carefully flatted out and the knee 
set to template gauges in the ordinary manner. The other end of the tee 
then follows the same process. The work is hard and has to be quickly- 
done, and is usually in the hands of special men known as " angle-iron 
smiths," who receive extremely good rates of pay. 
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Naturally such work is costly and is not now possible commercially, 
though there used to be no other way open. It is practically confined to 
small shops, or for odd jobs for which it would not pay to make tackle for 
hydraulic pressing. 

Figs. 93 and 94 show different hydraulic presses specially made for stiffeners, 



FlQ. 98. — Hydraulic press and table Tor lending atiffenere. 

etc., in which work costing half a crown by the old hand methods can now be 
made for sixpence. The horizontal press is much preferred, as it is handier 
than the vertical, though the latter can be obtained. One end of a stiffener 



Fin. 94. — Hydraulic press for bending rtiffenera. 

is still done at once ; but, with proper dies on the table, it is evident that 
when hot the ram will press it into shape immediately, and the web can be 
then flatted and trimmed into shape on the comer of the table without 
losing much heat, and in very much less time. A good furnace is wanted — 
some are gas-fired, others use coal or coke. The essential is that burning 
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should be avoided by keeping the metal clear of the fuel, and it is usual to 
heat on a clean hearth which is swept by the flames. By these means ex- 
ceedingly rapid work can be done. The press should be of good power, 
according to the work expected of it. About 40 tons will be ample up to 
6 in. x 3 in. x J-in. tees. If heavier sections are to be dealt with, up to 70 
or 80 tons or more may be required. A hydraulic drawback should be 



Flo. 95.— Electrically -driven power hammer. 

fitted so that the ram may be at once retracted, and, the table should not be 
stinted in size, and ought to be heavy mid solid hi section. A combination 
valve to work both the ram and the drawback is best, so that there may be 
only one handle. The supply pipes should be large enough to work the 
press at a fair pace ; nothing is more annoying than a ram which crawls. 
Angles may be bent at a right angle in one of these presses, without 
the necessity of cutting a vee out of the web, as is done by hand methods. 
Naturally the web is crushed and distorted, but if the steel is brought to a 
good white heat it is surprising how amenable it is, and the flatter will finish 
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it off to look quite neat. It makes a very much stronger job than cutting 
and welding, the slight thickening in the root adding stiffness. Any kind of 
bending may be done by the use of suitable blocks much cheaper than by 
hand, provided the blocks are in stock. If only one or two pieces are required 
to a special shape, then it will not pay to make the requisite tackle, and they 
are best made by hand. 

Cold-bending and straightening are very often done also. The ordinary 



Fio. 98.— Pnenmitic hammer. 

belt driven straightener is often not powerful enough to do joist work and 
large section channels, etc. When such is the case, the hydraulic press 
proves very handy, its great power making light of even very stiff sections. 
It is in fact adapted for anything of this nature, and can even be arranged 
at a pinch to punch, shear, and weld. It is one of the handiest tools a 
shop can have. 

Most smithies are now equipped with a power hammer; and as they are 
to be obtained of almost every known method of drive, one can be selected to 
fit the conditions of any shop. The ordinary steam hammer — so long the 
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favourite — has been to some extent superseded by the newer forms of strap and 
pneumatic hummers, but it is still, in good hands, capable of holding its own. 
Figs. 95, 96, and 97 are representative of what is now being used. All types 
are made in any desired powers ; the small shop will only need a very light 
tool, whilst the larger ones will have one, two, three, or four, ranging from 
light to heavy according to the nature of the work they do and the output. 
Very heavy types are not necessary for steelwork, since the heaviest work 



Fla. 97.— Relt-drivon cushion -himmor. 

they are likely to be called upon to do will be the forming of end-eyes and 
middles for roof-ties of perhaps 3-in. or 4-in. diameter at the outside. British 
shops differ materially from American ones, in that we have not the heavy eye- 
bolts and pin-truss scantlings to deal with that they have. Our riveted work 
needs very little smithing indeed compared to their pin bridges, and tools 
suitable over there would be utterly out of place here. Of course we 
occasionally get odd ones, or a suspension bridge with heavy links, or heavy 
forgings in swing, lift, and tilt bridges, etc. ; but these are not the average of 
structural work, and it would not pay to keep either tools or men constantly 
employed for the sake of what might turn up once in a while. If heavy 
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forgings are called for occasionally, the best way is to get them made at places 
making forgings a speciality — both money, time, and temper will be saved, 
and a much better job result. Generally speaking, a 7 or 8 cwt. steam 
hammer and a 300-lb. strap or pneumatic hammer will be equal to ordinary 
demands. Hydraulic hammers are not much in use ; modern ideas favour 
the short, sharp, rapid stroke of the pneumatic hammer in preference to the 
slower but more powerful hydraulic squeeze. Certainly the rapid stroke is 
more versatile and adaptable to a much greater range of work, and it is a 
pleasure to see a competent smith at the anvil. 

The smithed connections in a round-rod roof truss are now usually made 
from stampings. Given properly shstped dies (often made from cast-iron 
when the number required off is not large), end-eyes, middles, and fork ends 
can be stamped to outline from bars of suitable widths and the right thick- 
nesses, and then finished up partly on the anvil and under the hammer. The 
cost of the operations will depend altogether on the smith himself ; some men 
will turn out quite double the work of others and of a much better finish. A 
frequent plan is to have set prices for everything, and then the only difference 
to the management will consist in the relative degrees of finish, and men must 
be selected for the different work according to the selling prices obtained. 
The payments made vary naturally according to the size of iron or steel being 
used, though as it gets bigger they seem to rise a little out of proportion. 
Thus a 1-in. end-eye can be made for 2d., a 2-in. for 5d., whilst a 3-in. will be 
Is. 6d. ; a f-in. jaw will be 9d., a 2-in. one Is. 6d. ; a 1-in. shut or weld will 
be 3d., and a 3-in. shut 2s. (by hand). End-eyes, middles, and jaws for 
principals are made ready for welding to the straight intermediate rods, which 
is a separate operation. Sometimes the pin-holes are put through them in 
the smithy, or they may be drilled, according to the specification demands 
The crucial points are always the welds, and as some men are better at these 
than others the maker of the forgings is not necessarily entrusted with their 
welding. Many attempts have been made to substitute machine for hand and 
hammer welding, but at the time of writing no great success has attended the 
efforts. An iron table of convenient height is furnished with sets of cramps 
or grips for holding each bar, and these are made to approach each other 
through the agency of a lever, thus squeezing the two hot ends together. 
For very heavy work there is some advantage to be gained by such a method, 
but light work cools too rapidly and is too small to be dealt with in any way 
but by hand. Again, if the work is really heavy and beyond the capacity of 
a couple of strikers or the power hammers in use, it should be done in a 
proper forge where men and tools are used to such work. There is not such 
a great demand nowadays for " all-round " smiths in shops. Work is 
cheaper when men specialise, and so the man used to turning out f-in. and 
1-in. diameter work cannot be expected to be equally nimble with 5-in. or 
6-in. work. In British works, only steelwork shops with a very large output 
ever touch jobs in which an amount of heavy welding is required, and as there 
are usually many more departments than these shops it is best to send the 
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heavy forging into the one moat used to it. It in & mistake to lay out shops 
with the intention of doing this in the same place ait the lighter work, since 
home work will not keep the tools and men going. In American shops 
hydraulic machines are very largely used both for forming and welding, and 
tools are in use which are unknown in this country ; but they are not of 
interest to us, since we could not use them to any profit ; they would be in 
the same relation to our class of work as nests of radial drills would be to 



Fig. 98.— Vertical hydraulic pram, 

theirs. Besides which, current engineering sentiment is not in favour of 
welding steel for constructional purposes. It is rightly regarded that welds, 
and especially those of any size, should be avoided as much as possible and 
other available methods of construction substituted. 

A very necessary tool in the smithy is a vertical hydraulic press adapted 
for the production of buckled flooring and bridge plates. During late years 
the tendency to employ pressed trough ing has largely increased, and there is 
no doubt that it makes a most efficient bridge or heavy warehouse floor at a 
comparatively economical cost. It differs from the rail-bearer and cross-girder 
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system in that its strength is constant and uniform for the area. For road- 
bridges and any places where wheeled traffic is not confined to rails it cannot 
be surpassed ; and as the use of the press in its production has led to 
endeavours to extend the principle, trough-steel guttering and pipes are now 
much in demand, whilst it is not improbable that in the near future steel 
linings for underground tubes and conduits may be employed. Most yards 



PlO. 99.— Vertical hydMnlta press. 

now have one or more presses capable of turning out this class of work. Figs. 
98 and 99 illustrate the general design of tools suitable for making a variety 
of work. Specially made and designed presses can be obtained for quantities 
of any one thing for places making specialities, but the average shop requires 
an all-round tool such as those illustrated. A good width between standards 
is required, and also good " daylight " or lift, or else the size of the plates 
which may be pressed gets very limited. 

Suitable blocks or formers are fastened to the top and bottom beds, and 
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the hot plate placed between, when the lift of the ram forcing the bottom 
table up shapes the plate according to the blocks. Blocks are not generally 
made the exact outline of the finished article — main dimensions are the same ; 
but unless liberty was given for the plate to slip as the press closes, it 
would either be torn or else jam the blocks. For instance, if a trough section 
ib to be pressed, it would appear between its blocks as in fig. 100, so that it is 
only in contact with them at just the places essential to its assuming the 
desired shape. The effects of contraction in cooling have also to be provided 
against ; sometimes sections will open or close a little as they cool, and the 
blocks must be schemed so that due allowance is made. Occasionally special 
precautions have to be taken to ensure the cooling process being as prolonged 
as possible, and in all cases, it is customary to shield the hot plates from wind 
and rain. Presses for this work should be of ample power, and are generally 
of from 300 to 500 tons. If large and heavy work is to be made, up to 1000 



Flo. 100.— Trongh section between blocks. 

tons may be necessary, but the average requirements of a girder shop will be 
met by half that. 

The furnace used for heating the plates is usually coal-fired and from 10 

to 25 or 30 ft. long, according to what is required of it ; the hearth is shallow, 
but of width equal to that between the press standards. If very long, in 
addition to the end fire it may be fired at intervals of, say, 5 or 6 ft. in its 
length, the object being to get as equable a heat as is possible. Three to five 
plates can be placed in at once on top of each other, and it will take perhaps 
half an hour to bring them to the right heat. The door being lifted, the top 
plate is seized by special tongs attached to a windlass by chain, and the plate 
is hauled out over guides and on to the blocks, where it is quickly adjusted in 
position and pressed. It is drawn from the blocks in the same way and 
deposited on the cooling ground ; the operation is repeated until the whole 
charge has passed through the press. As the work is exceedingly hot and 
heavy whilst it lasts, it is generally conducted under open sheds or lean-tos. 
The labour is not skilled, with the exception of the leading hand or charge 
man, and when once the tackle has been properly set everything proceeds 
automatically and cheaply. Night and day gangs are the cheapest when the 



THE SMITHY. 211 

work will warrant it. Once the furnace has been got to the proper heat it 
can be held there, but if banked for the night the continual expansion and 
contraction play havoc with it. Plates waste somewhat in the process ; it is 
impossible to prevent a certain amount of scale forming owing to the action 
of the flames ; care has to be taken to prevent burning, though the error is 
usually the other way on. The valves controlling the press must be placed 
within easy reach, and the men well drilled ; one man to do this and another 
that, and then rapidity of working is assured. The press should stand in 
front of the furnace mouth with a sufficient space between to allow of the 
insertion of the cold plates into the latter ; the distance can be bridged over 
by old rails when the plates are ready for pressing. 

Miscellaneous smithwork, of which there is always a certain amount, is 
still done in the ordinary manner. Notchings of joist ends, angles, tees, 
etc., are best done by the cold saws, though many shops send them to the 
smithy. Bent plates, cleats, shoes, cap-plates, etc., will be done either on the 
anvil or in one of the presses, as convenient. 

A small cropping shears is always of great use in the smithy. It need not 
be of the latest pattern — any old tool will do, as its use will be intermittent ; 
but it will daily save valuable time if installed. 

The smithy is usually the most neglected shop in the works as regards 
lifting and hauling tackle. So long as very light work only is done, of course 
none of this is wanted ; but in most cases no provision is made for any, even 
if heavy work is being made. If pressed plates are to be turned out, cranes 
and overhead tackle should be freely put up, and the lifting and hauling 
labourer dispensed with as mucli as possible. There should always be lifting 
tackle for use at the hammers, and blocks available for slinging in convenient 
positions as required. 



CHAPTER XIX. 

FINISHING AND DESPATCHING — MISCELLANEOUS. 

• 

Aftsr assembling comes the finishing, marking for erection, and painting. 
Plain girder work will not want any of the first if it has been properly made, 
but there will always be a certain amount to be done to large open-web girders, 
roofs, etc. Careless work often results in gussets not being fair with flanges, 
kneed stiffeners overrunning, rivets which want dressing. Perhaps a few 
rivets have been put in holes which should have been left blank, or holes 
which ought to be elongated are round. It is the plater's duty to go over his 
job most carefully, comparing it with the drawings in every particular, so that 
any mistakes may be duly rectified. Dimensions should be checked through- 
out and a complete survey made ; an hour or two spent this way will often 
save pounds on the site. 

The inspector will now want to view the finished work ; probably he has 
paid several visits during its progress and is conversant with it to an extent, 
or he may have been in residence. Anyway, it will be his duty to go over it 
thoroughly now, testing every part for agreement with the drawings and 
proving their truth by all methods open. If it is a bridge which has to carry 
a test load, arrangements will have to be made for sufficient weighty material 
to be placed upon it to comply with the conditions. Very often pig-iron is 
used as being conveniently handled ; but built-up work to other orders and 
of known weights may be utilised, so long as the correct distribution of load 
can be managed. Bridges for which such tests have to be made are usually 
light colonial ones; it is obvious that heavy railway bridges could not be 
adequately tested in the maker's yard. The bearings must, in all cases, be 
specially looked to and provision made that the ground will carry the con- 
centrated loads. If deflection has to be observed, pegs may be driven in the 
ground at intervals on which data can be marked. This is preferable to 
stretching lines, as their sagging tendencies are not present, and absolutely 
accurate records can be taken. 

Inspection over, the erection marks can be put on and the general painting 
done. All marks should be in large white characters which shall have no 
chance of becoming effaced or indistinct. Letters are a favourite means, or 
a combination of letters or figures, and they should be at least 6 in. high, 
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or as large as the piece will hold below that, and boldly made. Stencils should 
be used, unless the man doing the work is exceptionally clever — strange 
hieroglyphics sometimes have to do duty when stencils are not available. 

Special directions, such as "This end next to B ," etc., for putting on 

girders ends, should always be cut out of stout brown paper in the drawing 
office or template shop and stencilled on. There should never be any lack of 
erecting marks ; certain things may be very obvious in the shops when every- 
thing is together, but the case is altogether different when there are a score or 
more trucks on site, and nothing but a drawing to show how to reassemble the 
disjointed members they contain. Let there be a plurality of marks, so long 
as they are the right ones. 

Painting may be either in oils or oxides, according to the specification, and 
put on either with the brush or by air. On large plain surfaces the latter 
will be the quicker way, and with careful men will require less paint, but all 
light work and open-webbed girders are best done with the brush. The 
operation will pay for looking after ; a great deal of paint is usually wasted 
in most yards, especially when payment is by the ton. There is a certain 
advantage in piecework, admittedly, but there is more in weeding out the 
wrong men and keeping steady hands who can be relied upon at a day-work 
wage. The paint bill will be less anyway, and it will rest with the foremen 
and manager as to whether each man is earning his pay or not. 

Taking apart and packing are the next duties. For home orders the latter 
will be almost a negligible item, but foreign work — especially Crown agents 
and Admiralty — wants a lot of time and trouble spent upon it. The flange 
and diagonal ends at each break joint will have to be protected with stout 
boards and battens from the chance of injury during shipment, and all 
loose rivets, bolts, and small parts packed in strong water-tight cases. There 
will be a lot of work for the carpenters, whilst the shop foreman must see to 
the proper counting of everything, including the extras, as per specification. 
Special stencils will have to be cut both for the girder work and the packing- 
cases — some places cut them out in thin zinc so as to last longer — and it will 
be found the best policy to carry out to the letter the many stipulations 
made. If there is a siding into the works and own trucks are being used, the 
loading must be carefully attended to, and whether for home or export there 
cannot be too much attention paid to the securing of the girders. The curves 
on British lines are of so small a radius, and there is so much shunting 
carried on, that light work especially is often damaged by being bent in 
transit. When long girders rest on two or three points only, perhaps hanging 
over the end supports some feet, it is a serious thing if the chains slip and let 
them slide, even if ever so little. Damage is bound to be done, and attempts 
must be made on the site to rectify it, resulting very often in obviously 
straightened and unsightly places, perhaps leading to trouble with the 
engineers. Loading is a particularly awkward job, and should always be in 
the hands of a good man, who should be fairly well paid. 

One of the most important points in loading is that there shall be ample 
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power available. In assembling, pieces are usually small and ligbt tackle 
may serve very well ; but when completed girders or large portions of them 
have to be bodily lifted, heavy cranes are necessary. Consequently the 
heaviest tackle will always be over the erecting spans, and the loading-stage 
or siding should be so arranged that they can pick up the work and put it 
on the trucks without further handling. In works of any size it is usual to 
have 30- to 40-ton cranes — generally overhead travellers — to do this, but it is 
really seldom that their full capacity is taxed. Thousands of tons of work 
may be turned out and no lift over 10 or 15 tons experienced ; but there will 
come the necessity, and if the power is not there an awkward time will be 
gone through. The best way is to arrange the crane power so that ordinary 
loads — say up to 15 tons — can be handled at a fair speed of both hoist and 
travel, having the girders carriage ropes, hook, etc., strong enough to sustain 
a 40-ton load, and the engine power sufficient to lift, traverse, and travel it 
at a very slow speed only. Since the big loads are comparatively so seldom 
met with, nothing will be lost by very slow handling of them, so long 
as handling is possible. There will be more gained this way than by pro- 
viding a crane which will deal with a 40-ton load as though it were a 
feather, and then keeping it working every day but one in the year on 
loads of less than 10 tons. 

The question of the size of pieces which may be sent by rail is often an 
awkward one. If for export, generally that which will pass for shipment will 
be right for the rail ; but home orders are often awkward, in that it is generally 
desired to send the largest possible pieces, and whilst the main lines may 
carry them all right, some local ones, or one of the smaller companies, may 
have a curve which they will not safely pass or a tunnel which restricts the 
loading gauge. All sorts of ways have to be resorted to in order to save 
sending away in small pieces with the resulting extra work in erection ; a 
good deal depends on the trucks selected, but a knowledge of loading gauges 
is absolutely essential. When loading for safety and also to a gauge has to be 
considered, the problem is not always an easy one. 

The first thing to consider in breaking up for despatching is the way in 
which erection is going to be conducted, and the handiest sizes and pieces 
for handling on site. If the job is a bridge on a new line, then the only 
consideration will be the lifting tackle available and the approach to the 
site; if a road-bridge, perhaps an amount of carting will have to be done 
from the nearest railway station, and the sizes of the pieces will then be 
necessarily very limited ; if over a waterway, the condition of and accommoda- 
tion on the banks may exercise great influence ; if for a warehouse or building, 
the approach and the room for lifts may be exceedingly limited ; in every 
case conditions on the site will vary and due account must be taken of 
them. Then, when the most economical method of erection has been 
determined upon, it must be ascertained whether the selected pieces will 
pass the loading gauges, and perhaps further slight modifications may be 
necessary. Bridges and all erections which are broken up and sent away 
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without due thought as to this may often prove expensive examples of 
how not to do things. 

There are one or two points of manufacture which could not well 
have been dealt with in previous chapters, and which it will be as well to 
mention now. 

When making stanchions it is, of course, an essential that the base- 
plates should be square with the shafts, and also that all the material of 
which the shafts are built should have a fair bearing on the plates. To 
ensure this it is often specified that the ends shall be faced. Now, if 
the stanchions are small, this will not be a very serious matter — they can 



Fio. 101, — Girder-ending machine. 

be readily put in the lathe. But lathes are not usually common tools in 
a steelworks, and if the stanchions should be large and unwieldy — say 
something like 57 ft. in one length and weighing about 20 tons, as in the 
case of some lately put up in the Midlands — it would take a larger lathe 
than ordinary to deal with them. To meet the difficulty tools have been 
designed which are known as "girder-ending" machines, and they are 
equally suitable for large and small work. One is shown in fig. 101. 
Instead of chucking the stanchion and turning it round whilst a stationary 
tool does the facing, the stanchion or girder is at rest, being brought up to 
the face-plate and placed truly horizontal and in line with the machine, 
either ou runners or low bogies or other suitable device. The knives or 
blades fixed to the face-plate, which is actuated by massive gearing, then 
quickly do the required facing, the operation not occupying a quarter of 
the time it would take a lathe to do it. One such machine will keep a 
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large shop going, unless much of the work is joist or compound girders; 
when this is the case, it is, perhaps, cheaper to put them together without 
cutting off to dead lengths, doing this when riveted up, in the "girder- 
ending " machine. In fact this type of tool was originally designed for just 
this work. Most girders made up of joists and with flanges riveted on have 
these latter made from flats. Both joists and flats can then be picked up 
just as they arrive at the shops and be put together without going near the 
planing machines or the shears, being faced to correct lengths in these 
machines when riveted up. There is a distinct saving here, and for builders' 
steelwork the tools are excellent. 

They are practically very powerful lathe headstocks set solidly on good 
foundations, with a heavy face-plate which carries the knives. They naturally 
absorb a great deal of power, but when it is remembered that on a certain 
class of work they practically supersede the planer and the shears, this 
cannot be complained of. A " joist " yard or shop where builders' work 
only is done could almost dispense with these two tools, given "girder- 
ending" machines. If the work is properly set, they make a perfectly 
fair end, and their advantage in stanchion work will be patent. 

A tool that is often of service is a good shaper. It should be perfectly 
plain, and arranged so that work may be fixed either vertically or horizontally, 
and have good-sized beds. It should be a heavy tool, capable of taking a 
good rough cut — engine-finished work will not be required of it, but it must 
be quick and durable. It will be useful for the occasional awkward fitting 
which has to be done, for slotting and easing, and would be all the better 
for having a couple of heads. 

During late years much has been thought of "Dr Angus Smith's 
solution" for coating and protecting against oxidation. Its principal use 
is for cast-iron pipes; but steel pipes are now coming much to the front, 
and the hydraulic press being handy for making them, girder shops are 
taking up their manufacture — some as a side line, whilst others make a 
speciality of them — and the coating is proving of equal service for them. 
There are many recipes for the solution; the following being accounted a 
good one : — 

6 gallons tar. 



7 lbs. pitch to be added if 
desired thick. 



2 „ prepared oil. 

1 „ paranaphthalene. 

4 lbs. tallow. 

The only successful way of applying it is for both the plates and the 
solution to be hot) and for dipping to take place. Application with the 
brush is a failure. For it to be lasting and give the maximum of protection, 
the plates should be dipped before they have got quite cold from the 
pressing, or if they have become cold they must be left in the solution until 
they have reached its temperature. Usually a tank of sufficient size to 
properly take the intended articles is filled with the mixture and kept hot 
by a fire under it, or by being placed over a flue. The bent plate is 
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lowered into it and left there until it is of the same heat, when it is hoisted 
out and left to drain for a few miuutes on a rack which slopes to the tank. 
When set it can be stacked away. It is of no use just dipping a cold plate 
in even the hottest of solutions : it will look nicely coated perhaps, but there 
is no real bond between the metal and the tar, and the protection is no better 
than common paint. The plate must attain the same temperature as the 
fluid ; the coating is then very thin, but it seems to be part and parcel of 
the metal itself and is practically indestructible. 

If much repetition work has to be dipped a big tank will be necessary, 
so that cranes and men may not be kept waiting at all. It should be of 
sufficient size, so that when the last article has been placed in the first is 




Fig. 102.— Countersinking tool. 

ready for withdrawal. A power travelling crane and a couple of labourers 
can then get through an astonishing amount of work in a day. When well 
and thoroughly put on there is no known agent to compare with "Angus 
Smith's solution " for durability and service. 

For countersinking rivet-holes a useful - tool, if the shop is laid out so that 
it can be used, is a wall-bracket drill (6g. 102). It is very rapid in action, 
and a boy will get through a great deal of work with it. It is not suit- 
able for all works, since the job must be taken to the tool, and that is not 
always easily managed, many shops finding that the pneumatic drill, or even 
hand-tackle, pays them best. Everything depends on the amount of counter- 
sinking to be done. If there is not more than the little which occurs at 
girder bearings, it is not worth while putting up wall drills ; but if a lot of, 
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say, flush-riveted tanks or doors or other work is done, then the arrange- 
ment of the countersinking tackle becomes as important as the drilling or 
punching. In such cases the wall drills should be so placed that as jobs 
leave the drilling machines they pass under them. The machine shown is 
quite elaborate enough for everyday work, is inexpensive, and very unlikely to 
get out of repair. If, however, the surfaces to be countersunk are large in 
area, and so are unwieldy to move about freely under the tool spindle, then 
they are best countersunk in the drilling machines, as it is evident these small 
tools can only be used for easily handled work. 

There have at various times been many special tools devised for lessening 
the number of operations and settings of work. Few of them, however, have 
survived. The first one or two machines have been placed on the market 
with much beating of drums, and pages of figures have been adduced to show 
the great savings effected. Tools weighing well into the hundreds of tons 
even have been put down in the confident belief that they will soon pay for 
themselves. It is only experience which disproves the sanguine estimates 
formed. The real difficulty with steelwork is that no two jobs are precisely 
alike. Bridges will not come in with main plate girders 60 ft. long and 
5 ft. deep — or any other standard sizes. They persist in never being exactly 
like any other ever made ! It is very hard on the tool designers and 
specialists, but facts are facts, and one might as well wish for the moon as 
hope that things will change. It would, for instance, be a very fine thing to 
put a flange together on a long bed — say 50 to 80 ft. long, with spare 
sections so that it could be made even longer if required — and either drill or 
reamer the holes with one or a number of tool-heads and plane the plates 
with another one ; or, to take another case, punch all holes small in flanges 
and webs in the usual way, assemble the girder, and then place the whole 
thing on the bed and reamer all holes and plane all flanges. It looked so 
before it was tried ; economies were easy to see, and plain girder work was to 
be turned out wholesale. But when the tool was made and tried in actual 
work the difficulties cropped up. The saving proved to be less than was 
expected, and there were practical obstacles in the way of fastening down a 
whole flange sufficiently securely for planing purposes, whilst the power 
necessary seemed out of all proportion to the work done. It is a lamentable 
fact that theory and practice do not always go hand in hand, and perhaps 
no one is so fullv aware of it as a machine-tool builder. 

It is therefore wise to be a little chary of brand new combination tools or 
ideas. It would be folly to say* that they are and must be always bad ; 
possibly a very short time may see quite a revolution in our present ideas of 
the trade ; but possibilities are not necessarily probabilities, and the chances 
are that the single tool will continue in the future, as in the past, to be the 
best yet made. For these reasons the author has refrained from illustrating 
any but well-tried and approved tools, which have by constant and wide 
use demonstrated their necessity and their claims to consideration as 
"standard" machines. 



CHAPTER XX. 

GENERAL EQUIPMENT. 

In a previous chapter a few notes were made on the modern practice of doing 
all work under cover, and reasons given justifying it to a very great extent. 
It is not too much to say that all firms now working with open girder yards 
more often wish they could roof them over than they are pleased with 
existing arrangements. This is shown by the fact that modernising a works 
invariably means its reconstruction on the covered-in plan, and there are 
many acres of ground now roofed-in which ten years ago were quite un- 
protected from weather variations. 

It may therefore be taken for granted that shops have really displaced 
yards, and that the wisdom of capital expenditure in roofing has been 
established. That being so, it becomes imperative in laying out new works 
to most carefully consider floor plans. It is a very different thing building 
shops to contain tools and work, to simply putting down a few tools under 
sheds fringing a large open space. A mistake in the one case may be fatal ; 
in the other it will be of little moment, since* a few pounds will soon rectify it. 

The general policy here, as also in America and on the Continent, seems to 
lean towards the construction of large shops capable of housing the tools and 
all normal work, and the reservation of an amount of open space, where it 
can be managed, for jobs requiring perhaps more head-room than the ordinary, 
or with other abnormal features. If land is not very limited, such a plan has 
many commendable points, and is certainly the right one to follow ; but when 
every yard is precious and has to be made the most of, it will be better to 
roof the lot to suit the average of work, leaving the abnormal to more 
fortunately situated competitors. Firms with their works in large towns, who 
cannot for some reason contemplate moving out where land is cheaper, 
cannot obviously afford to have a single square yard that is not actively 
engaged in earning money ; the question of a yard being provided which 
shall be used perhaps one week out of the fifty-two is not for them — every 
unit must be of service for every week of the year. 

The consideration of what shall and shall not be provided is not a light 
one, and demands intimate knowledge of the trade and of the special portion 
of it it is desired to cater for. A joist shop, or place where structural work 
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is made, would be laid out very differently to one dealing with constructional 
work, and a difference would again be made for a mixed shop. In fact, every 
class of work would need a modification in the provision for its execution if it 
was desired that that particular class should be made as cheaply as modern 
practice renders possible. The site again is bound to exercise great influence 
in the planning, and what might be possible and most desirable for a certain 
class of output is often rendered out of the question by prevailing conditions. 
Anyone who aspires to lay out a steelworks must not only possess a certain 
measure of architectural skill, but must also be conversant, and intimately so, 
with every aspect of the trade ; he must be a practical workman gifted with 
an employer's financial skill and judgment, and an engineer in the broadest 
sense of the word* 

One of the commonest mistakes made when laying out new shops is the 
outlay of more capital than is actually required. In the abstract every man 
will agree that to do so is sheer folly and sure to lead to ruin, but few men 
can resist the temptation to put in "the best of everything" when the 
capital at their disposal admits of it ; few men can put in just that which 
will do the work perfectly satisfactorily and earn reasonable increment when 
polish and show and ingenious mechanisms are temptingly displayed. The 
whole secret of the successful conduct of a business lies in the employment of 
only that which will earn the largest percentages on its capital outlay. 
Every penny more than the absolute requisite minimum invested is but a 
drag and a handicap to the useful pence, and, as such, is a direct deterrent to 
progress. When a man or a company engages in any enterprise, it is usually 
done from a desire for gain ; there may be much honest pride in the work 
turned out — that is not in any way incompatible with a desire for gain — but 
the primary object is interest on capital. That being so, it follows that the 
smaller the capital which must be embarked for a given purpose, the more 
lucrative the results will be. One may often see solid walls and foundations 
being built, which look and are calculated to be able to defy the action of 
time itself, and yet there is nothing to show but that in the space of a 
generation the whole erection will be out of date, behind the times, and of no 
further use for the purpose for which it was erected ! Fortunately it is not 
so with everything; there is plenty of engineering work done which will 
remain a monument for all time to the skill of its designers and the men who 
laboured thereon ; but processes of manufacture are essentially unstable, 
uncertain, and changeable as the seasons ; a decade may see both the birth 
and the death of methods which, for a short year or two, made a world 
wonder ; they are not suitable for attempted perpetuation, and it is money 
sunk to do more than provide adequately for the moment. 

This is specially so with the steelwork trade. Fifteen years ago mild- 
steel bridges were practically unknown ; wrought-iron was the material in 
common use. Fifteen years before that cast-iron bridges were still being 
put up ; what will be done fifteen years hence, and how shall we be 
working 1 The girder shop of to-day — the modern shop in line with the most 
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advanced practice — was quite non-existent a couple of decades ago ; it is just 
as likely that in its turn it will be superseded by other ideas in twenty years' 
time. We cannot build works and define the scope of industries for posterity 
— the march of progress will not be arrested for the sake of a few bricks or 
machines. So far as the outlook goes, it seems as though mild steel was 
destined for great things — that the world will get to depend more and more 
upon it, and that it will before long be vital to both trade and home life. 
But it would be unsafe to prophesy so, and rash to stake everything upon the 
chance, sure as it seems. The metal has some very well known drawbacks, 
added to which the science of construction is daily advancing, and already 
types common a decade ago are obsolete to-day : who can tell where all 
this is to land us, and will undertake to accurately sketch the future? 
One has but to breathe the words " concrete steel " to already cause makers 
to look askance. 

Such as it is, however, we have mild steel with us to-day, and a large 
demand for it to be satisfied. New works must be put up, old ones modern- 
ised, and the times properly catered for. Money is to be made — and fairly good 
money too, in spite of competition, fair and unfair — by the shop which is 
well put up, well laid out, and well managed. The better it is put up and 
laid out, the more money can it earn ; but it must be the " betterness " 
understood by all-round considerations — not merely the betterness of solidity 
and money spent. It is not the amount of gross profits a place may make 
which alone pays the dividend, but the ratio existing between the profits and the 
capital expenditure. ,£1 0,000 profits may be handsome in the one case, and 
not enough to pay 1 per cent, in another. Five per cent, depreciation on tools 
is barely enough as times are, and those firms refusing to reckon more than 
2 J per cent, and 3 per cent, will find themselves " left " at some future day. 

As the trade goes, all buildings and accessories should be subject to at least 
5 per cent, depreciation charges. It is not safe to look further ahead than 
twenty years, if indeed that time is not too long. Many American firms 
reckon 7£ and in cases even 10 per cent., whilst the latter figure is a fre- 
quent allowance on tools. If percentages such as these are at all necessary, 
it follows that the shops need not be put up to have any longer a life. Bricks 
and mortar have only just begun to be of service, comparatively, in twenty 
years' time, and they are consequently unsuitable for a steelwork shop. If at 
the end of that time remodelling be necessary, a vast amount of money has to 
be sacrificed, since 5 per cent, depreciation on good brickwork is ridiculous and 
would always swallow the profits. A further argument is that the height 
considered necessary so as to give proper head-room involves such substantial 
walls that cost becomes almost prohibitive. 

Steel framing is undoubtedly the system par excellence on which shops 
should be constructed. It is light, comparatively inexpensive, does not 
require difficult foundations, and if kept in good order may be rearranged in 
another plan at any time. It affords facilities for the attachment of cranes, 
lifting and running tackle, etc., possessed by no other constructive agent, 
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besides being proof against the effects of vibration. Any sort of covering may 
be used with it — slates, tiles, brick panels, corrugated iron, wood, etc., or it 
may be wholly or partly glazed, and is thus exceedingly adaptable. Perhaps 
the favourite covering is galvanised iron, and undoubtedly it possesses many 
advantages. A fairly light gauge may be chosen — 22 gauge for roofs and 24 
gauge for sides— and then cheapness is secured ; yet, if well painted, it will last 
more than the twenty years desired. It is lighter and less expensive than slates, 
both in cost and erection, whilst being equally weather-tight and serviceable. 
An objection often made is that it is noisy and sets up reverberations at 
every hammer-stroke. There is an amount of truth in this, but the defect 
can be almost eradicated by laying or hanging the sheets to timber purlins, or 
interposing common felting between the sheets and the steel framing. With 
large shops well put together, noisiness is not really so noticeable ; it is the 
hastily thrown together, loosely jointed structure which does the most 
chattering. Corrugated iron has been very undeservedly much abused ; used 
properly it is a most valuable agent, whilst its life is quite long enough for 
the structures for which it is suitable. It has a reputation for being hot in 
the summer and cold in the winter. Steel shops should be so made that the 
wind and air can blow freely through them on hot days, whilst on cold days, if 
a man's work will not keep him warm, he is no good to the management ; so 
long as the rain, snow, and keen winds are kept out in winter, and a man can 
work with dry material in dry clothes, he will not complain much. This is 
hardly the case with machine hands ; their section should have some means of 
artificial heating, such as will be discussed presently, but the big erecting 
spans are too large to warm properly — a certain amount of warm air will fiud 
its way there, but the best warmth is a man's labour. 

Timber would be a good and cheap covering for all parts where there were 
no fires ; in fact wood acts very well for small shops, both for covering and 
framing, but the risks are great — insurances are high and so it is little used 
except for small lean-tos or temporary purposes, or in combination with 
corrugated iron. It is a pity to put slates or tiles on these shops ; the capital 
cost is heavy, whilst they may have to be taken down before they have seen 
a quarter of their natural life, with the inevitable result of a large broken and 
spoiled percentage. So far as can be judged, the modern shop should be 
erected on those lines which shall ensure to it a life of full twenty years, yet 
at the end of that time be good enough in its framing to be rearranged and 
set up on other ideas, or again recovered according to the signs of the times ; 
whilst it should at all times be ready for extension and growth in any 
direction. Steel framing with a corrugated covering gives all these desiderata 
at the cheapest possible cost. A little can be taken down here and a little 
more put up there at a trifling expense, yet with no sacrifice of strength or 
rigidity ; but, probably, a gain thereof. 

From what has been said regarding methods and tools of manufacture, the 
ideal plan will have been gathered — a "continuous" arrangement so that 
work is always steadily flowing in one direction, with the minimum of back or 
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reverse flow. The same piece of metal should not travel over the same ground 
twice, neither should it have a zigzag course ; but as far as possible its pro- 
gress should be in a straight line. Plenty of shops are to be seen — and 
recently put up ones too — where the punches and the drills are as far apart 
as they could well be placed ; often material has to be carried past the cold 
saws to get to the straighteners. Bad planning of this nature will never turn 
out the cheapest work ; everything must be disposed to the utmost possible 
advantage, so that handling may be reduced as far as possible. Whether 
keen competition has or has not to be faced, there can be no sense in doing 
unnecessary labour. Once the broad scheme has been settled it will not be 
possible to alter it, short of reconstruction. Minor alterations may be made ; 
but a hastily thought out plan is bound to be bitterly repented. 

The site is bound to be a governing factor ; one cannot make a rectangle 
if only a triangle is available. But if the works are being laid out afresh on 
plenty of land, then one can strive to get as near the ideal as possible ; if on a 
town site, the problem will be to make the best use of what room there is. 
It would obviously be impossible to discuss a variety of differently shaped 
sites ; neither would it be profitable. The best way will be to indicate what 
appears to be the most favourable possible disposition for a medium-sized 
general shop, leaving the reader to determine what modifications must be 
made to suit other given circumstances. 

First of all, railway tracks or sidings must be considered indispensable, 
and there must be at least two of them — one for the incoming and the other 
for the outgoing material; they might unite in the one track where they 
join the railway. Material should be unloaded on one side of the shops and 
the finished work loaded up on the other, so that one line will have to take a 
big loop or curve past the ends of the shops — preferably this should be the 
raw material line. To obtain the best results and expedite handling, they 
should be in shallow cuttings, so that the wagon bottoms will come level 
with the shop floors. It is not a big job to secure this, and is worth the 
little extra trouble and expense; it is more important in the case of the 
loading than the unloading dock, and if preferred the latter need not be 
done so. There will be less difficulty in cutting for the loading line, since 
it will be the straightest and most direct, in order that long girders may not 
have to travel round sharp curves. 

Commencing with the unloading dock, there must first be space for the 
storage of the materials, and it will be convenient for it to run the whole 
length of the shops, as by this means the storage ground need not be wide. 
Few firms keep any stock of material, except those who possess their own 
rolling mills ; but a little is always an advantage, and in those cases where 
it pays to keep some a shed fo/ it will come the other side of the line, since 
only material required for use will come on the shop unloading dock. If we 
reckon that the largest girders to be made will be about 200 ft. long, our 
shops must be at least 300 ft., and this would be the length of the dock, 
with a width of from 16 to 20 ft. As the plates, angles, tees, etc., are 
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unloaded, they will be sorted to their particular jobs, and a light, quick 
travelling crane will be found very handy. If we provide that the dock is 
covered with a cantilever roof carried off the stanchions of the first main span 
(see fig. 103), this crane can very well be of the hanging-jib variety, running 
on top and bottom rails carried by brackets on the outside of the stanchions, 
and it will thus help to serve the straightening and planing machines as well. 
Its average lifts will perhaps be 5 or 6 cwts. each, but it may have to deal 
with loads up to a couple of tons in weight, and so will be best with two 
travelling traversing and hoisting speeds, one quick and the other slow. The 
drawback to a crane of this type is that a careless driver could soon wreck it 
and perhaps seriously damage some of the stanchions. An alternative 
would be a light locomotive crane running on rails laid just in front of the 
stanchions, but the smoke and heat are objectionable in a shop and it 
would have to be electrically driven, giving a nice problem to be solved as 
to the best method of driving. The only other way would be to do away 
with the cantilever roof, and put up another span, one resting on columns 
the other side of the rails, these latter thus running under the roof. An 
ordinary span travelling shop crane would then be used, and would serve 
the purpose very well, except that, it is not convenient for passing material 
from the dock to the machines in the next span. Small hand cranes, 
whether of the jib or cantilever type, are not to be recommended. They 
will lift all right, but they are too slow in slacking and depositing. Over- 
head runners should be installed whatever crane may be selected, as they 
are so handy and quick for all light lifts. 

In the next span are arranged the straightening and bending machines, 
those for the planing, shearing, and cropping, and the cold saws. In order 
to get the maximum of work from each, they must not be cramped together, 
but plenty of space allowed between them. There is as much virtue in 
having room to work in as there is in having the tools to work with, and 
a special point must always be made of seeing that there is " elbow-roOm " 
everywhere. The straightening and bending rolls — one three-roll and 
one seven-roll — and the sectional straightener will be next the unloading 
dock, together with the joist shearing machine and a small cropper. Behind 
them will come the planers, shears (plate and angle), and cold saws, the 
smithy taking up the rest of the length of the span, and divided from it 
by a partition, largely of glass. This secures the advantage of having the 
smithy next to the raw materials and close to the cold saws, avoiding extra 
handling, and also admitting of plates for pressing being unloaded direct 
against the presses. There must be free communication between the smithy 
and the shop for the unobstructed passage of materials. The hydraulic 
presses and furnace will be next to the dock, and inside them the bender, 
small tools, fires, and anvils. Running the length of the span will be a 
girder travelling crane, which should be of 3-tons capacity, fast and quick 
at its work, supplemented by overhead runners with cross-overs to the 
runners in the unloading dock. The overhead runners will do the normal light 
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work at the rolls, planers, and saws, whilst the crane will serve the presses, 
handle the heavier material, and do the lifting from machine to machine. 
This span, like the unloading dock, will not require to be of great head-room. 
If there is 15 or 16 ft. clear under the crane, that will suffice ; more height 
only means more cost and gives no corresponding advantages. 50 ft. wide 
will be ample and give sufficient space between the different machines, since 
whilst enough must be had, yet more would only be waste. 

In the next span will come the marking-off tables and floor, the single and 
multiple punohing machines, the gangs of drills, and the girder-ending 
machines, arranged in sequence, so that, as the material is marked off, it 
passes to the punches, and thence to the drills. If much drilling from the 
solid is anticipated, two nests of six each will not be too many, though one 
nest of six and a multiple or two can be used if preferred. The weights to be 
dealt with will be heavier here ; the four bogie tracks to the drills will be 
about 80 ft. long, for the purpose of building up flanges, etc., and the crane 
must be capable of dealing with corresponding loads. It is a very awkward 
job to lift a drilled flange if of any length, and transfer it to the large assem- 
bling shop for incorporation in its girder. It wants well service-bolting 
together to hold the plates from sliding the one on the other as it is lifted, 
but even then it bends to a remarkable extent. A couple of lighter cranes are 
better than a single heavy one, and as in this span small and medium plate 
girders can be assembled, either on the marking-off tables or on the drill 
bogies or on the floor under the drills, and made ready for the riveting in the 
large assembling shop, the cranes must be capable of dealing with loads up to 
10 tons. If one 10-ton and one light, fast 3-ton, having fast and slow gear, 
be provided, most contingencies will be successfully met. Overhead runners 
or light jib cranes over the punching presses and the light work marking-off 
table will considerably facilitate work. The span may be as before, viz., 50 ft., 
and the head-room may again be low; perhaps if anything it should be a 
little more, since there will be assembled plate girders to deal with, and plenty 
of clearance is wise when handling them ; about 20 ft. clear under the crane 
will be suitable. 

The assembling or erecting span will be practically clear of tools, except 
for the riveters, chippers, hand-drills, etc. One or two wall-drills with good 
clearance are an advantage for some work, but the main idea is a large clear 
space for its proper assembling, riveting, and dressing. Any tools brought in 
will be for the sake of handiness, and because the jobs usually done demand 
them ; modern ideas favour the machine processes being kept as separate as 
possible from the putting together ones. The chief considerations in this span 
will be the width and height, and they will have to be regulated by the class 
of work to be done. For a general shop, 80 ft. wide by about 25 ft. under 
the crane will be enough, this clearance being ample for all ordinary girder 
and roof work ; anything demanding more is likely to want so much that it 
would not pay to construct the average shop to hold it. The roof might 
perhaps be carried higher, so that a big dome or other work could be built 
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round a pole at one end, dispensing for the time with the orane at that part. 
Many erecting spans are made wider than 80 ft., and of course in cases it 
may be advisable, but this figure will allow of a long-span double-track 
railway bridge being laid down, with plenty of room for miscellaneous jobs 
besides, and will be large enough to cope with the work turned out by the 
machine tools in the ordinary course. Hydraulic or pneumatic mains will be 
laid the length of the shop, and the loading siding should preferably run the 
length at one side also, this being better than running it outside the outer row 
of stanchions. Where space is no object, a gantry may be run out at one end 
in continuation of the crane track, and oyer which the shop crane can travel, 
the loading up being done here. But it is a question solely of the site ; it is 
handier to have it in the shop for many things, but on the other hand it 
means so much valuable shop-room not being available for erection. It is 
important that the heavy travelling cranes be able to do the loading up, so as 
to save double handling, and so this is generally sought to be schemed. As 
previously mentioned, the crane, or cranes (there should be more than one for 
the best results), must be able to handle heavy loads, but this need only be at 
a slow speed. 

The question of the supply of power to the different tools — straighteners, 
planers, saws, punches, drills, etc. — is one about which there are at present 
many opinions. In the old days, when the material to be worked was in only 
very short lengths, it was possible to group machines together and drive from 
shafting in the old fitting-shop method. Tools were placed almost on the top 
of each other, to use a figure of speech, and there is still no question but that 
given moderate lengths of shafting with good bearings, the system remains the 
cheapest where continuous work has to be performed. But modern practice 
has so changed the aspect of the shops that altogether fresh problems have 
now to be tackled. There must be big spaces between tools, because of 
the long lengths now to be handled. 40-ft. long plates are comparatively 
common, and if these have to be put through straightening rolls, it is plain 
that room must be given for it to be done. So with everything else ; tools 
are long distances apart, and shafting from one engine has ceased to be a 
practical method, except in the case of very small shops. In its place we have 
offered us electrical drives, separate engines for each tool, and several engines 
each driving small groups of shafting. Oil, gas, and steam are variously used, 
and a central generating station. Experience, so far, seems to point to 
electrical drives being the best for a girder shop; many of the new works 
being put up employing them. The advantages are cleanliness, use only when 
required, and an entire absence of shafting. Nearly all structural tools 
require a fair amount of power — some taking a great deal, so that the only 
tools which can really be coupled together will be the drills, the separate 
motor system thus having a great pull. The supply of steam to separate 
engines on the heavy tools is not feasible, the long distances inducing so much 
condensation that economical work is impossible. Practically the disadvantages 
of the electrical drive are that it is not so economical under continuous opera- 
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tion — the expense per unit or horae-power being higher than for steam — 
so that for tools working nine hours a day it proves comparatively costly, 
and the upkeep is rather expensive. With heavy tools, which often work 
intermittently, such drawbacks are not of so much moment, since, when the 
motor is not going, power is not being used as it is when shafting has to be 
kept uselessly turning. Gas engines driving different sections are very handy, 
since a hitch with one does not necessarily involve the stoppage of the lot ; 
but they take up a certain amount of space, and they do not do away with 
the shafting drawback, though they mitigate it to a considerable extent. 
Their noise and exhaust require dealing with, and if of any size they need 
bulky cooling apparatus ; on the other hand, they are easy to drive, requiring 
no continuous skilled attention, and certain sections can be run overtime 
independently of the rest, and without the waste attendant on running a large 
central station for the sake of one or two tools. 

With the extended application of hydraulic power to heavy tools — shears, 
punching presses, etc. — another method of dispensing with shafting has 
become open. This agent has much to recommend it, its disadvantage being 
the cost of installation ; but for reciprocating tools, as distinct from rotary 
ones, such as straighteners and cold saws, it has many recommendations. 
The absence of complicated gearing is a distinct gain, but against this may 
be placed the tendency to trouble with all packings. Hydraulic punching 
presses are also made, but perhaps they are hardly so convenient as the lever 
type for ordinary work, being naturally slower in action ; they are, however, 
unsurpassed for heavy work and for piercing. Where hydraulic riveters are 
being used, it is a good plan to apply the principle to a few of the tools, 
since once the mains are in they might as well be used to their full capacity, 
and there is also the advantage of not relying entirely on one agent for the 
work of the shop. If some of the tools — straighteners, planers, saws, and 
drills — are driven electrically, and others — one or two of the punchers, the 
shears, and the presses — driven hydraulically, it will often be possible to run 
sections on overtime without involving the whole, whilst a breakdown of the 
one will not necessarily involve the other. Hydraulic power is economical 
so long as there is no great leakage; when the tools are not being used, 
power is not running to waste ; but with faulty mains or pipes it is one of 
the most costly. 

No rules can be laid down for the positions of the driving agents in or near 
to the shops. Every site will be a law to itself and will have to be studied 
accordingly. If electricity is used a separate power station will be the best 
— a few yards more or less of cable making no difference. But for hydraulics, 
pneumatics, steam, gas, or oil, the nearer the source of power to the place 
of usage the better. Hydraulics and pneumatics both lose by friction and 
leakages, steam condenses, gas and oil waste energy turning shafting; so 
that according to the power decided upon will have to be the disposition of 
the generators. It is entirely a question for practical engineering, and to be 
dealt with on the spot. 
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The laying out of a new works, or the remodelling of an old one, is a 
speciality in itself. No one knows so well as the management what is really 
required, is frequently urged There is a vast deal of truth in this, but the 
other side of the case is that, whilst it will know exactly what suits its own 
work, yet it has not the larger view of the expert whose special business it is 
to keep up with the times, and who through his acquaintance with so many 
businesses possesses a better and safer grasp of principles. Give an expert 
exactly to understand what is wanted, let him make himself familiar with the 
details desired, and then he is much more likely to evolve a better plan than 
the man so wrapped up in one phase of work that he has no time to see what 
his neighbour is doing. The planning of a new place is not a light task ; its 
success or failure may spell the difference between dividends and bankruptcy. 

The great bugbear of modern shops is the stanchions or columns necessary 
between the spans. It is a bothersome thing to transfer work from one span 
to another, since the cranes do not lend themselves to the work at all. 
Attempts have been made to lessen the trouble by putting three or four 
spans abreast and running the work down them simultaneously into a large 
erecting bay at the bottom placed at right angles, but experience proves there 
is no gain this way. The ideal shop would undoubtedly be in one span 
with cranes to suit, but no one has yet been bold enough to try the experi- 
ment. The difficulty is that the capital cost seems as though it would be 
much more than at present. The only way to prove it is to take two 
schemes for the same site and work them out thoroughly, but employers do 
not care for such experiments. Yet in view of the gain to be effected, should 
the one-span idea prove feasible, it might be thought that the trial was 
worth making. There are shops in the States with spans of 120 ft. and 
even more, but Britishers still like the more moderate .span. It might be 
that a shop with a span of 120 or 140 ft. is suited to this country, and if 
this were made some 300 ft. long it would turn out much more work than 
the one we have been discussing, whilst the erecting and machining would 
all be done under the one roof. Such a scheme would suit steelwork for 
buildings admirably, but some provision for a higher roof or part would have 
to be made for the erecting in a bridge workshop. It could be quite well 
arranged, however, by a little scheming. The girder yard with its large 
open space is better for working in than the shop, but its dependence on the 
weather has quite condemned it now. If the yard could be covered over with 
a roof which dispensed with columns, then would all advantages be combined, 
but, alas ! man is but human and his tools material. 

Of course the shop we have been discussing is only for a moderate-sized 
establishment, capable of turning out about three to seven or eight thousand 
tons per anuum according to the class of work going through. For larger 
and more important places different scheming would have to be adopted. 
There are works in the United States having single shops larger in area than 
the one described and devoted to solely one thing — such as eye-bars, say ! 
It is evident that when establishments reach this size they need radically 
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different arranging, and that for the sake of transporting material, etc., they 
must be arranged in blocks with a network of feeding railway lines, instead of 
being under one gigantic roof. We have no example in this country of a 
works possessing such an immense output of structural steelwork ; our shops 
are of only a moderate size comparatively, and for purposes of illustration, 
therefore, the one described may be taken as typical of British practice. 

There is a point in connection with the smithy which must not be over- 
looked — it must possess thorough ventilation, and all hearths should be fitted 
with cowls and chimneys for carrying off the sulphur, or else the sheeting 
of the shop will suffer to some extent. One side of the place will be open, 
and if good louvres are arranged in the roof a fair amount of air will 
find its way in. 

All cranes used, of whatever type, will, of course, be driven by the power 
selected for the tools. If electricity and hydraulics are to be employed, all 
the main travellers would use the first-named, whilst the other power might 
be used for small cantilever cranes and for those for use with the riveters. 
It will entirely be a matter of expediency. For general riveting, swinging 
cantilevers fitted to the stanchions and small goliaths running on rails seem 
the handiest. It would not do to use the heavy travelling cranes for support- 
ing hydraulic riveters, except for those parts which are too high to be reached 
by ordinary tackle, whilst fixed gantries are always in the way. Overhead 
runners are not feasible either, except when close into the sides. When 
plenty of power is available and space is not cramped, all smaller work can be 
taken to stationary riveters and handled there by suitable tackle, since clear 
working-room is then left in the rest of the shop. There is bound, however, 
to be a large part of the work to be done by portable tools, especially for the 
larger work, and if the shop is wide it means either using the big cranes, 
erecting temporary tackle, or the use of small goliaths which can be pushed 
anywhere by hand. The latter plan is generally adopted. 
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MANUFACTURERS' STANDARD SPECIFICATIONS. 

(The Accepted American Standard Specifications.) 

Revised, February 1903. 



STRUCTURAL STEEL. 

Process of Manufacture. 

(1) Steel may be made by either the open-hearth or Bessemer process. 

Testing and Inspection. 

(2) All tests and inspections shall be made at the place of manufacture 

prior to shipment. 

Test-Pieces. 

(3) The tensile strength, limit of elasticity and ductility shall be deter- 
mined from a standard test-piece cut from the finished material. The 
standard shape of the test-piece for sheared plates shall be as shown by the 
following sketch : — 

0™*i n ^ Parallel Section „,. 
r "" V j Not leu than 9 \^ J 

<—j 1 1 
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Piece to be of same Thickness as the Plate. 

On tests cut from other material, the test-piece may be. either the same as 

for sheared plates, or it may be planed or turned parallel throughout its 
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American Standard Specifications — continued. 

entire length, and, in all cases where possible, two opposite sides of the 
test-piece shall be the rolled surfaces. The elongation shall be measured 
on an original length of 8 in., except as modified in section (12), para- 
graph (c). Rivets, rounds, and small bars shall be tested of full size as 
rolled. 

Two test-pieces shall be taken from each melt or blow of finished material, 
one for tension and one for bending ; but in case either test develops flaws, or 
the tensile test-piece breaks outside of the middle third of its gauged length, 
it may be discarded and another test-piece substituted therefor. 

Annealed Test-Pieces. 

(4) Material which is to be used without annealing or further treatment 
shall be tested in the condition in which it comes from the rolls. When 
material is to be annealed or otherwise treated before use, the specimen 
representing such material shall be similarly treated before testing. 

Marking. 

(5) Every finished piece of steel shall be stamped with the blow or melt 
number, and steel for pins shall have the blow or melt number stamped on 
the ends. Rivet and lacing steel, and small pieces for pin-plates and stifleners, 
may be shipped in bundles securely wired together, with the blow or melt 
number on a metal tag attached. 

Finish. 

(6) Finished bars shall be free from injurious seams, flaws, or cracks, and 
have a workmanlike finish. 

Chemical Properties. 

(7a) Steel for— 

Buildings, . 

Train sheds. 

„. , . . , " Vmaximum phosphorus, *10 per cent. 

Highway bridges and J r r 

similar structures, 

(7b) Steel for— 

Railway bridges, . maximum phosphorus, '08 per cent. 
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Physical Properties. 

(8) Structural steel shall be of three grades — Rivet, Railway Bridge, and 
Medium. 1 

Rivet Steel. 

(9) Ultimate strength, 48,000 to 58,000 pounds per square inch. 

Elastic limit, not less than one-half the ultimate strength. 

„ , 1,400,000 2 

Percentage of elongation, ultimate 8trength > 

Bending test, 180 degrees flat on itself, without fracture on outside of 
bent portion. 

Steel for Railway Bridges. 

(10) Ultimate strength, 55,000 to 65,000 pounds per square inch. 3 
Elastic limit, not less than one-half the ultimate strength. 

Percentage of elongation, - ,— - - =-,* 

ultimate strength 

Bending test, 180 degrees to a diameter equal to thickness of piece tested, 

without fracture on outside of bent portion. 



Medium Steel. 

(11) Ultimate strength, 60,000 to 70,000 pounds per square inch. 

Elastic limit, not less than one-half the ultimate strength. 

t> * t i *• 1,400,000 , 
Percentage of elongation, —. '- ? , 5 

ultimate strength 
Bending test, 180 degrees to a diameter equal to thickness of piece tested, 
without fracture on outside of bent portion. 

Modifications in Elongation for Thin and Thick Material. 

(12) For material less than ^in. and more than J-in. in thickness, the 
following modifications shall be made in the requirements for elongation : — 

1 This used to read " Rivet, Soft, and Medium." 

2 This used to read " 26 per cent." 

9 This used to read " 52,000 to 62,000 pounds." 
4 This used to read " 25 per cent." 
* This used to read " 22 per cent." 
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(a) For each increase of £-in. in thickness above J-in., a deduction of 

1 per cent shall be made from the specified elongation, except that 
the minimum elongation shall be 20 per cent, for eye-bar material 
and 18 per cent, for other structural material. 

(b) For each decrease of y^-in. in thickness below ^-in,, a deduction of 

2£ per cent, shall be made from the specified elongation. 

(c) In rounds of f-in. or less in diameter, the elongation shall be 

measured in a length equal to eight times the diameter of section 
tested. 

(d) For pins made from any of the before-mentioned grades of steel, the 

required elongation shall be 5 per cent, less than that specified 
for each grade, as determined on a test-piece, the centre of which 
shall be 1 in. from the surface of the bar. 



Variation in Weight, 

(13) The variation in cross-section or weight of more than 2£ per cent, 
from that specified will be sufficient cause for rejection, except in the case of 
sheared plates, which will be covered by the following permissible variations : — 

(a) Plates 12£ lbs. per square foot or heavier, up to 100 in. wide, 

when ordered to weight, shall not average more than 2 J per cent, 
variation above or 2} per cent, below the theoretical weight. 
When 100 in. wide and over, 5 per cent, above or 5 per cent, 
below the theoretical weight. 

(b) Plates under 12£ lbs. per square foot, when ordered to weight, shall 

not average a greater variation than the following : — 

Up to 75 in. wide, 2£ per cent, above or 2£ per cent, below the 
theoretical weight; 75 in. wide up to 100 in. wide, 5 per cent, 
above or 3 per cent, below the theoretical weight. When 100 in. 
wide and over, 10 per cent, above or 3 per cent, below the 
theoretical weight. 

(c) For all plates ordered to gauge, there will be permitted an average 

excess of weight over that corresponding to the dimensions on the 
order equal in amount to that specified in the following table : — 



234 



CONSTRUCTIONAL STEELWORK. 



American Standard Specifications — continued. 

Table of Allowances for Overweight for Rectangular 
Plates when Ordered to Gauge. 

Plates will be considered up to gauge if measuring not over y^^-in. less 
than the ordered gauge. 

The weight of 1 cubic inch of rolled steel is assumed to be 0*2833 pound. 

Plates \-in. and over in Thickness. 



Thickness 




Width 


of Plate. 


• 


OF 

Plate. 


Up to 75 inches. 


75 to 100 inches. 


Over 100 to 115 
inches. 


Over 115 inches. 


Iuch. 


Per cent. 


Per cent. 


Per cent. 


Per cent. 


i 


10 


14 


18 


• • • 


a 


8 


12 


16 


• • 


1 


7 


10 


13 


17 


7 


6 


8 


10 


13 
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5 


7 


9 


12 


A 


4£ 


H 


H 


11 


t 


4 


6 


8 


10 


Over | 


s* 


5 


«* 


9 



Plates under ±-in. in Thickness. 



Thickness of Plate. 
Inch. 


Width of Plate. 


Up to 50 inches. 
Per cent. 


50 to 70 inches. 
Per cent. 


Over 70 inches. 
Per cent. 


1 up to ^ 

6 3 
^•1 » TV 


10 

7 


15 
10 


20 
17 

15 i 
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STRUCTURAL CAST-IRON. 

Except when chilled iron is specified, all castings shall be tough grey 
iron, free from injurious cold-shuts or blow-holes, true to pattern, and of a 
workmanlike finish. Sample pieces, 1 in. square, cast from the same heat 
of metal in sand moulds, shall be capable of sustaining on a clear span of 
4 ft. 8 in. a central load of 500 pounds when tested in the rough bar. 



SPECIAL OPEN-HEARTH PLATE AND RIVET STEEL. 

Testing and Inspection. 

(1) All tests and inspections shall be made at the place of manufacture 
prior to shipment. 

Test-Pieces. 

(2) The tensile strength, limit of elasticity and ductility shall be 
determined from a standard test-piece cut from the finished material. The 
standard shape of the test-piece for sheared plates shall be as shown by the 
following sketch : — 

About a* y Parallel Section 

f ~V?| Not lew than <>'". 7] 

I 4-j J 1 * 

Itrt" •f ,, l 



• 



H- 



.•I 



Alfcut*' 



-About x8— - 



Piece to be of same Thickness as the Plate. 

On tests cut from other material, the test-piece may be either the same as 
for sheared plates, or it may be planed or turned parallel throughout its 
entire length, and in all cases, where possible, two opposite sides of the test- 
piece shall be the rolled surfaces. The elongation shall be measured on an 
original length of 8 in., except as modified in section (12), paragraph (c). 
Rivet rounds and small bars shall be tested of full size as rolled. 

Four test-pieces shall be taken from each melt of finished material, two for 
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tension and two for bending ; but in case either test develops flaws, or the 
tensile test breaks outside of the middle third of its gauged length, it may be 
discarded and another test-piece substituted therefor. 

Annealed Test-Pieces. 

(3) Material which is to be used without annealing or further treatment 
shall be tested in the condition in which it comes from the rolls. When 
material is to be annealed or otherwise treated before use, the specimen 
representing such material shall be similarly treated before testing. 

Marking. 

(4) Every finished piece of steel shall be stamped with the melt number. 
Rivet steel may be shipped in bundles securely wired together, with the melt 
number on a metal tag attached. 

Finish. 

(5) All plates shall be free from injurious surface defects and have a 
workmanlike finish. 

Chemical Properties. 

(6a) Flange or \ maximum phosphorus, '06 per cent. 

boiler steel, J „ sulphur, '04 „ „ 

(6&) Extra soft and ) maximum phosphorus, '04 per cent. 



1 man 



fire-box steel, J „ sulphur, *04 „ „ 

Physical Properties. 

(7) Special open-hearth plate and rivet steel shall be of three grades — 
Extra Soft, Fire-Box, and Flange or Boiler Steel. 1 

Extra Soft Steel 

(8) Ultimate strength, 45,000 to 55,000 pounds per square inch. 
Elastic limit, not less than one-half the ultimate strength. 
Elongation, 28 per cent. 

Cold and quench bends, 180 degrees flat on itself, without fracture on 
outside of bent portions. 

1 This used to read " Extra Soft, Fire-Box, Flange or Boiler, and Boiler Rivet 
Steel" (four grades). 
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Fire-Box Steel 

(9) Ultimate strength, 52,000 to 62,000 pounds per square inch. 
Elastic limit, not less than one half the ultimate strength. 
Elongation, 26 per cent. 

Cold and quench bends, 180 degrees fiat on itself, without fracture on out- 
side of bent portion. 

Flange or Boiler Steel. 

(10) Ultimate strength, 55,000 to 65,000 pounds per square in. 1 
Elastic limit, not less than one-half the ultimate strength. 
Elongation, 25 per cent. 

Cold and quench bends, 180 degrees flat on itself, without fracture on 
outside of bent portion. 

Boiler Rivet Steel. 

(11) Steel for boiler rivets shall be made of the extra soft grade specified 
in paragraph No. (8). 

Modifications in Elongation for Thin and Thick Material. 

(12) For material less than ^-in. and more than f-in. in thickness, the 
following modifications shall be made in the requirements for elongation : — 

(a) For each increase of £-in. in thickness above f-in., a deduction of 

1 per cent, shall be made from the specified elongation. 

(b) For each decrease of T V m * in thickness below -jVin., a deduction 

of 2£ per cent, shall be made from the specified elongation. 

(c) In rounds of f-in. or less in diameter, the elongation shall be 

measured in a length equal to eight times the diameter of section 
tested. 

Variation in Weight. 

(13) The variation in cross-section or weight of more than 2 J per cent, 
from that specified will be sufficient cause for rejection, except in the case of 
sheared plates, which will be covered by the following permissible variations : — 

(a) Plates 12£ pounds per square foot or heavier, up to 100 in. wide 
when ordered to weight, shall not average more than 2 J per cent, 
variation above or 2J per cent, below the theoretical weight. 
When 100 in. wide and over, 5 per cent, above or 5 per cent, 
below the theoretical weight. 

1 Thin used to read " 52,000 to 62,000 pounds per square inch." 
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(b) Plates under 12| pounds per square foot, when ordered to weight, 

shall not average a greater variation than the following : — 

Up to 75 in. wide, 2£ per cent, above or 2J per cent, below the 
theoretical weight. 75 in. wide up to 100 in. wide, 5 per cent, 
above or 3 per cent, below the theoretical weight. When 100 
in. wide and over, 10 per cent, above or 3 per cent, below the 
theoretical weight. 

(c) For all plates ordered to gauge there will be permitted an average 

excess of weight over that corresponding to the dimensions or the 
order equal in amount to that specified in the following table : — 

Table of Allowances for Overweight for Rectangular 
Plates when Ordered to Gauge. 

Plates will be considered up to gauge if measuring not over ^ J^-in. less 
than the ordered gauge. 

The weight of 1 cubic inch of rolled steel is assumed to be 0*2833 pound. 



Plates \-in. and over in Thickness. 



Thickness 




Width 


OF Platk. 


i 


OF 

Plate. 


Up to 75 inches. 


75 to 100 inches. 


Over 100 to 115 
inches. 


Over 115 inches. 


Inch. 

i 


Per cent. 


Per cent. 


Per cent. 


Per cent. ' 
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Plates under \-in. in Thickness. 



Thickness of Plate. 


Width of Plate. 










Up to 50 inches. 


50 to 70 inches. 


Oyer 70 inches. 


Inch. 


Per cent. 


Per cent. 


Per cent. 


\ up to A 


10 


15 


20 


5 5 


H 


12J 


17 


fV » \ 


7 


10 
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SPECIFICATION FOR WORKMANSHIP. 

Inspection. 

(1) Inspection of work shall be made as it progresses, and at as early a 
period as the nature of the work permits. 

(2) All workmanship must be first-class. All abutting surfaces of com- 
pression members, except flanges of plate girders where the joints are fully 
spliced, must be planed or turned to even bearings, so that they shall be in 
such contact throughout as may be obtained by such means. All finished 
surfaces must be protected by white lead and tallow. 

(3) The rivet-holes for splice plates of abutting members shall be so 
accurately spaced that when the members are brought into position the holes 
shall be truly opposite before the rivets are driven. 

(4) Rollers must be finished perfectly round, and roller beds planed. 



Rivets. 

(5) The pitch of rivets in all classes of work shall never exceed 6 in., 
nor sixteen times the thinnest outside plate, nor be less than three diameters of 
the rivet. The rivets used .shall generally be |, J, and J-in. diameter. The 
distance between the edge of any piece and the centre of a rivet-hole must 
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never he less than 1 J in., except for bare less than 2£ in. wide. When practi- 
cable it shall be at least two diameters of the rivet. Rivets must completely fill 
the holes, have full head concentric with the rivet, of a height not less than 
*6 the diameter of the rivet, and in full contact with the surface, or be 
countersunk when so required, and machine-driven wherever practicable. 

Punching. 

(6) The diameter of the punch shall not exceed by more than T X T in. the 
diameter of the rivets to be used, and all holes must be clean cuts without 
torn or ragged edges. Rivet-holes must be accurately spaced ; the use of 
drift pins will be allowed only for bringing together the several parts 
forming a member, and they must not be driven with such force as to disturb 
the metal about the holes. 

(7) Built members must, when finished, be true and free from twists, 
kinks, buckles, or open joints between the component pieces. 

Eye-bars and Pin-holes. 

(8) All pin-holes must be accurately bored at right angles to the axis of 
the members, unless otherwise shown in the drawings, and in pieces not 
adjustable for length no variation of more than -fa of an inch will be allowed 
in the length between centres of pin-holes; the diameter of the pin-holes 
shall not exceed that of the pins by more than ^ in., nor by more than -£$ in. 
for pins under 3£ in. diameter. Eye-bars must be straight before boring ; 
the holes must be in the centre of the heads and on the centre line of the bars. 
Wherever eye-bars are to be packed more than £ of an inch to the foot of 
their length out of parallel with the axis of the structure, they must be bent 
with a gentle curve until the head stands at right angles to the pin in their 
intended positions before being bored. All eye-bars belonging to the same 
panel, when placed in a pile, must allow the pin at each end to pass through 
at the same time without forcing. No welds will be allowed in the body of 
the bar of eye-bars, laterals, or counters, except to form the loops of laterals, 
counters, and sway rods ; eyes of laterals, stirrups, sway rods, and counters 
must be bored ; pins and lateral bolts must be finished perfectly round and 
straight ; and the party contracting to erect the work must provide pilot-nuts 
where necessary to preserve the threads while the pins are being driven. 
Thimbles or washers must be used whenever required to fill the vacant spaces 
on pins or bolts. 
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Annealing. 

(9) In all oases where a steel piece in which the full strength is required 
has been partially heated, the whole piece must be subsequently annealed. 
All bends in steel must be made cold ; or if the degree of curvature is so great 
as to require heating, the whole piece must be subsequently annealed. 

Painting, 

(10) All surfaces inaccessible after assembling must be well painted or 
oiled before the parts are assembled. 

(11) The decision of the engineer shall control as to the interpretation of 
drawings and specifications during the exeoution of work thereunder ; but this 
shall not deprive the contractor of his right to redress, after the completion 
of the work, for an improper decision. 
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A SPECIFICATION FOR BRITISH STEELWORK. 1 

(1) Materials. — The steel to be used in this work may be made by either 
the basic or Siemens open-hearth processes. 

(2) Quality and Te8t8. — The steel for plates, joists, and all sectional 
material shall be of such a quality that test-stripe cut from the bulk shall 
show a tensional strength of 28 to 32 tons per square inch of original area, 
together with an elongation of at least 20 per cent, in 8 in., and a contraction 
of area equal to 40 per cent, at the point of fracture. 

The steel for rivets shall have a tensional strength of not less than 24 tons 
per square inch of original area, and show an elongation of not less than 
25 per cent, measured on a length of at least eight times the diameter being 
tested. Where possible, rivet rounds shall be tested of the full size as rolled. 

(3) Elastic Limit — The elastic limit shall in all cases be not less than 
one-half the ultimate strength. 

(4) Bending Tests. — Strips cut from plates and sectional materials shall 
bend cold through 180 degrees, with a radius on the inner side of the bend of 
one-half the thickness being tested, without showing signs of fracture in any 
part. All rivet steel shall, when cold, bend through 180 degrees flat upon 
itself without any sign of fracture. 

(5) Test-Pieces. — All the steel from every cast shall be plainly stamped 
with the cast number or identifying mark, and from each cast at least two 
test-pieces shall be taken, which shall be stamped with corresponding marks. 
Should the test-pieces fail to stand the prescribed tests, and there be no visible 
flaws present, all the material from those particular oasts shall be at once 
rejected and be replaced by other and better material. 

(6) Finish, — All plates, bars, joists, and sectional material shall be well 
and cleanly rolled and free from scales, blisters, laminations, cracked edges, or 

1 This is a suggested modal specification for the guidance of engineers and designers 
generally in drafting specifications for their own work. As mentioned in the text, it is 
drafted so as to cover all reasonable requirements, and to thoroughly safeguard the buyer, 
and, at the same time, is not too onerous for the manufacturer to undertake at bottom prices. 
From an intimate acquaintance with both the design and manufacture of steelwork for all 
purposes, the author is able to give his assurance that it is a perfectly fair document for 
both designer and maker, and equally safeguards both. 
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other defects. They shall be of exact dimensions, holding fully up to those 
marked on the drawings, and be perfectly rolled in every way. 

(7) Inspection of Testing, etc. — The engineer, or his accredited repre- 
sentative, shall superintend the breaking of the test-strips at the rolling mills, 
personally assuring himself of the correctness of all results. If he so desires, 
he shall be at liberty to witness the operation of rolling, or any other operation 
incident to the production of the material. When satisfied that the material 
conforms to this specification, he shall stamp each piece with his own private 
stamp, and no material shall be allowed to leave the mills without bearing such 
stamp. 

(8) Independent Tests. 1 — The engineer reserves the right to select further 
test-strips from the bulk, which may be sent to any recognised public testing- 
house, there to be prepared and tested at his expense, as a further check and 
evidence of quality. Should such strips when tested fail to agree with the 
results of the tests conducted at the rolling mills, further strips shall be 
selected and sent to another public testing-house, when, if the quality is again 
proved below standard, the engineer shall have the power to refuse to accept 
the parcels of materials from which they were cut. Pending the results of 
such tests, the material shall not leave the mills. In all cases the receipt by 
the mills of the engineer's order to despatch materials shall be conclusive 
evidence of his satisfaction and agreement with its quality. 

(9) Engineer's Sanction. — All work is to be made in strict accordance 
with the drawings and this specification, and no departures therefrom are to be 
made in any particular without the written sanction of the engineer being 
first obtained. 

(10) Riuet-Holes. 2 — All rivet-holes must be accurately set out to 
template, and be of the exact pitch and position as figured on the drawings. 
They may be first nipple-punched £ in. less in diameter than the finished 

1 Only to be inserted in the case of very heavy and important work. Such a clause (not 

» 

being an absolutely necessary one) does but increase costs without giving corresponding 
advantages. 

8 If punched work is desired, this clause should read :— All rivet-holes must be 
accurately set out to template and be of the exact pitch and position as figured on the 
drawings. They shall be nipple-punched, and the punch used shall not exceed the diameter 
of the rivets to be used by more than f 9 hi. In all cases they shall be perfectly lair and 
true throughout, and when assembled the holes shall be so true that the rivets to be used 
will pass easily through the several assembled thicknesses. 
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hole, and when assembled reamed out to full size, or drilled from the solid, at 
the maker's option. In all cases they shall be perfectly fair and true through- 
out, and of the figured diameters on the drawings. 

(11) Riuet8. — Rivets shall be clean, with full-sized, well-formed heads, 
each head containing not less material than a length equal to one and a half 
times the diameter of its shank. They shall completely fill their holes, and 
shall be of such a diameter that when cold, and previous to driving, they will 
fill their holes without perceptible shake. No cracked, burnt, badly formed, 
or other defective heads will be allowed. 

(12) Smith work, etc. — All smith work shall be clean and sound, and 
the metal shall not be burnt or injured in any way. All bends, wherever 
possible, must be made cold ; and should it be necessary to use heat for 
members which will be subjected to direct stress in the finished work, they 
shall be subsequently annealed in every case, excepting girder stifteners. 

(13) Workmanship generally- — The workmanship throughout shall be 
sound, honest, and clean. All abutting ends of plates and bars shall be 
planed and truly meet, all joints be perfeotly fair, all members true and not 
in winding when built, all bearing surfaces level, rivets countersunk where 
required, and generally a thoroughly good job made. 

(14) Painting, etc. — Before assembling, all frazes shall be carefully 
removed from the rivet-holes, and all surfaces in contact and inaccessible when 
built shall be well cleaned and have a coat of boiled oil. After assembling, 
the members shall be well scraped and cleaned and be given one coat of best 
oil paint. 

Note. — The foregoing are all the clauses necessary so far as the steelwork 
is concerned. Special clauses descriptive of the work or conditions necessary 
to its execution owing to difficulties of site, a time clause, and other germane 
matters might then usefully follow. It should, however, always be borne in 
mind that any conditions should be made as little onerous as possible, and 
that all limitations imposed should be absolutely necessary ones. The fewer 
the clauses and the easier the restrictions of a specification, the keener the 
price at which it can be done is a correlation that should never be lost sight 
of. When the time comes that an engineer can simply say, " The work to 
be carried out in strict conformity to the specification " (naming a recognised 
standard), we shall have far better and cheaper work, and time deliveries will 
be cut in half. 
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Additional teats, practice of, 23. 
Advisable degree of finish, 58. 
<( After-testing, w 25. 
American competition, 82, 88. 

rale for pitch of rivets, 42. 
Analyses ana tests, 17, 24. 
Angle and plate croppers, 148, 151. 

joints, 54. 

stiffeners, 88. 
Angles of rail-bearers, 61. 
Arrangement of shop spans and machines, 

224. 
Assembling materials, 86, 171, 179. 
Atbara Bridge, the, 64. 
Automatic saw-sharpening machines, 147. 
Auxiliary hand-tools, 168. 
Average figures for labour costs, 99. 
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Bad holes in punched work, 65. 
Bars, cast-iron test-, 27. 
Basic process, 17. 
Bear punches, 169. 
Beauty, 6, 7. 

Bending and straightening machines, 181, 
205. 

momenta, 37. 

tests, 21. 
Blue prints, 116. 
Bowstring girders, 68. 
Box girders in basements, 67. 
Bridge, swing, 79. 
Brooklyn Bridge, 2. 
Buckled flooring plates, 208. 
Burning pieces on castings, 82. 
Burrs from drilling, 177. 
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Calculated weights of work, 67, 118. 

Calipers, 81. 

Camper in girders, 181. 

Capital cost, 14, 220. 

Carbon in steel, 20, 24. 



Carriage rates, railway, 26. 

CastingB, inspection of, 80, 81. 

Cast-iron and tests for, 25, 26, 27, 79. 

Oedric, 2. 

Celtic, 2. 

Certificates of tests, 22. 

Changing of rolls, 48. 

Chief draughtsman, the, 111, 118. 

Chipping and filing stiffeners, etc., 60. 

Choice of design, 16. 

Cleat connections, 60. 

Cold saws, 144. 

Combination machines and tools, 148, 218. 

Competition, American, 32. 

Connecting plates, 62. 

Construction of templates, 122. 

Consultant's duties, 13. 

" Continuous " system of work, 223. 

Contraction of area in steel, 21. 

Copper pipes for riveters, 190. 

Cost of "finish, " 58. 

Countersinking holes, 181, 217. 

Courtesies to inspectors, 93. 

Cover-plates, 51. 

Cranes in the shops, 229. 

on punching presses, 150. 
Croppers, angle and plate, 1 47. 
11 Cult of the railway bridge," 7. 
Curved girders, 156. 

lines in connecting and other plates, 61, 
62. 
Cushion and strap hammers, 207. 
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Deflection in cast-iron test-bars, 27. 

Depreciation of plant, 221. 

Design, choice of, 16. 

Designing, ideal, 1. 

Despatching and finishing, 212. 

Diagonals of girders, 68. 

Dimensions, 114. 

Double jig-saw, 152. 

" Drawbacks" to hydraulic presses, 204. 

Drawings, 35, 47, 107. 

Drifting rivet-holes, 171. 

Drilling holes, 64. 

Drills, multiple and radial, 172, 173. 
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Driving agents, 328. 
Duty of the consultant, 18. 
to employers, 18. 
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Economy, 3, 4, 7, 9. 

in hotels and warehouses, 15. 

in rivet pitches, 89. 
Electric drills, 180. 
Elongation of steel, 21. 
Erection marks, 212. 

spans in shops, 225. 
Essentials of a drawing, 85, 86. 
Estimating, 94. 

average figures for labour coats, 99. 

current prices, 96. 

dead charges, 96. 

-erection, 108. 

labour rates, 97, 98. 

packing, carting, and loading, 97. 

painting, 96. 

profit, 100, 101. 

railway charges, 97. 
Expensive forms of girders, 69. 



Faults, stoppage of, in castings, 82. 

Feature wore, 71. 

Filing and chipping stiffeners, etc., 60. 

" Finish," 67, 67, 68. 

Finishing and despatching, 212. 

Fish-belfied girders, 61. 

Flange riveting, 44. 

Flanges, reaming of, 170. 

Flexible hose for riveters, 190. 

Foreign elements in steel, 24. 

Forgings, examination of, 90. 

tools for heavy, 207. 
Forth Bridge, 2, 48. 
Foundations, finish on, 67. 
Function of the specification, the, 80. 
Furnace for heating plates, 210. 
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Gaps for hydraulic riveters, 191. 
Gas furnaces for heating rivets, 89. 
Gib and cotter joints, 56. 
Girder, bowstring, 68. 

curved, 156. 

fish-bellied, 61. 

hog-back, 61. 

Linville and lattice, 60. 

plate-web, 87. 

round-ended, 61. 

shorjs, the, 128. 

Whipple-Murphy, 7. 
Girder-ending macnines, 215. 
Governing factor, the, 6. 
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Hand-power benders and straighteners, 186. 

Hand-riveting, 87, 188. 

Heat tests, 21. 

Heating, methods of, 89, 182. 

rivets, 197. 
High-speed drills, 177. 
Higher aims, 6. 
Hobbies, 5. 
Hog-back girders, 61. 
Horizontal rolls for bending, etc., 182. 
Hydraulic bending press, 160. 

machinery, 79. 

plate-benders, 186. 

punching press, 160. 

riveting, 87, 88, 185. 
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Ideal designing, 1. 

Independent angle croppers, 151. 

Ingots, steel, 22. 

Inspection, 72, 84. 

Inspector's clause in specification, 88. 



Jig-saws, 148, 162. 

"Jim Crow," the, 189. 

Jointing angles and plates, 50, 52, 180. 

Joints in castings, 82. 

sectional materials, 50. 
Joist shearing machine, 161. 



Knkeino-block for stiffeners, 202. 
Kneeing stiffeners, 202. 



Lengths of materials, 60. 

Lever punching presses, 160. 

Linville and lattice girders, 50, 68, 124, 179. 

Lists of materials, 76, 107. 



MacColl's patent riveter, 184. 
Mandril for testing punched work, 66. 
Manganese in steel, 20, 24 
Manufacturers' standard specifications, 81. 
Marking; for erection, 212. 

off from templates, 66, 164. 
Material, lengths of, 50, 108. 

ordering of, 109. 
of, 47. 
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Mathematics and design, 47. 

Methods of testing, 21. 

Mills tests, 21. 

Minimum number of sections, 50. 

Mixtures of oast-iron, 26. 

Model specification, A, 84. 

Monetary knowledge, application of, 15. 

Multiple drills, 172, 173. 

punching presses, 164. 

rolls for bendiug, etc, 182. 



N 



NiPPLB-punching, 66. 

Number of sections, minimum, 50. 



Obrlickon drills, 178. 

Office routine, 106. 

Oiling and painting, 90. 

Open -end planing machines, 141. 

Open-webbed girders, 63. 

Ordering steel plates, 68. 

Origin of the specification, 80. 

Ornamentation of steelwork, 70, 71. 

" Osborn " system of marking rivets, 45. 

Output of work, 101, 102. 



Packing for export, 92, 213. 
PackingB for hydraulic riveting, 190. 
Painting and oiling, 90. 
Percussion pneumatic riveters, 194. 
Phosphorus in steel, 20, 24. 
Photographic processes, 116. 
Piercing of girder webs, the, 70. 
Pitches of rivets, 87. 
Planing, dispensing with, 67. 

machines, 141. 
Plate and angle shears, 1 47. 

web girders, 87, 115. 
Plate-closers on hydraulic riveters, 1 89. 
Plater, the, 125. 
Pneumatic boring tools, 121, 180. 

chisels, 156. 

riveting, 88, 191, 195. 
Power hammers, 204. 

supply questions, 227. 
" Preparation of estimates, the," 105. 
Pressures for riveting, 183. 
Principals, flats in, 54, 65. 
Proc esse s of production of steel, 17. 
Profit on work, 100. 
Proportions of rivets, 45. 
Punching and reaming, 64. 

holes, 64, 66, 88. 

machines, 157, 168. 



Qualifications for an inspector, 72. 
Quality clauses in a specification, 84. 
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Radial and multiple drills, 172, 178. 

Rail-bearer angles, 61. 

Ratchet braces, 179, 180. 

Reactions, 37, 

Reaming and punching holes, 64, 170, 171. 

Register of drawings, 117. 

Regular sises of materials, 49. 

Remuneration of inspectors, 75*. 

Rivets, 85, 37, 39, 182. 

diameters of, 42. 

distance from edges of plates, 46. 

in girder flanges, 44. 

methods of heating, 197. 

Osborn system of marking, 45. 

pitch of, 43. 

proper heat for driving, 89, 182. 

proportions, 45. 

setting-out holes, 38. 
Riveting arrangements, 36, 37, 86. 

by hand, 87, 183. 

hydraulic, 87, 88, 185. 

machines, steam, hydraulic, pneumatic, 
etc., 184. 

pneumatics, 88, 191. 

pressures, 183. 
Roll changing, 48. 
Rolling programme, 25, 48. 
Roofing, estimating for, 104. 
Roots of girder angles, fitting diagonals 

to, 58. 
Rosettes on girders, 70. 
Round-ended girders, 62. 
Routine, office, 106. 
Running of drills, 175. 



St Pancras Station, 7. 

Saws, circular and jig, 144, 146. 

Scabs on castings, 81. 

Scales on drawings, 107. 

Scope of the specification, 31. 

Sections most easily obtained, 49. 

Selection of rivet diameters and pitches, 39, 

40, 41. 
Setting out rivet holes, 38. 
Shear in rivets, 37. 
Sheared edges of plates, 68. 
Shears, angle ana plate, 148, 151. 
Siemens open-hearth and acid processes, 1 7. 
Silicon in steel, 20, 24. 
Sketch plates, 112. 
Smith's, Angus, solution, 91, 216. 
Smith-work, cost of, 63. 
Smithy, the, 201. 
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Sorting out materials, 131. 
Specification, a model, 34, 242. 

standard, 230. 

the, 29, 98. 
Stanchions and struts, 6. 

material for, 53. 
Standard specifications, manufacturers', 81. 
Steam hammer, the, 206. 

riveters, 184. 
Steel castings, inspection of, 84. 

desirable properties, 10. 

elongation ; contraction of area, 21. 

physical properties, 18. 
Stencils for erection marks, 218. 
Stiffeners, arranging, 41. 

chipping and filing of, 60. 
Straightening machines, 131, 184. 

materials, 131. 
Sulphur in steel, 20, 24. 
Surface plates, 134. 
Suspicion, inspector's, 92. 
Swing-bridge, 79. 



Tables for marking off, 167. 

Tee stiffeners, 38. 

Template shop, the, 119, 121. 

Templates, marking out from, 66. 

Test-strips, 28, 76, 77. 

Testing cast-iron bars, 26, 27, 79. 

steel castings, 84. 
Tests, accepted standards of, 20. 

and analyses, 17. 

methods of conducting, 21, 22, 28, 76. 
Thick and thin material, 68. 
Thicknesses of sections, 55. 
Timber in shops, 222. 



Time limits and clauses, 32. 

Toggle jointed pneumatic riveters, 191. 

Tower Bridge, 2. 

Tracings, 114, 116. 

Troughing, pressed, 908. 



Ultimate strength of steel, 20. 
Unloading docks, 223. 
Utilitarian work in full view, 69. 
Utility, 8. 



Vertical bending rolls, 184. 
hydraulic presses, 208. 
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Wages, 125. 

Weakened area by punching, 65. 

Web plates, lengths of, 61. 

thicknesses of, for riveting, 89, 40. 

widths, etc, 53. 
Webs, piercing of, 70. 
Weighed weights, 92. 
Whipple- Murphy truss, 7. 
Waaler's theory, 44, 55. 
Working lists of steel, 110. 
Working pressures on rivets, 190. 
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Third Edition, Revised, with an Additional Chapter on Foundations. 
Numerous Diagrams* Examples, and Tables. Large $vo. Cloth, ids. 

THE DESIGN OF STRUCTURES: 

A Pmetletd Troatl— on the Building of Brtd*re*. 

Roofs, 6to« 

By S. ANGLIN, C.E., 

Master of Engineering, Royal University of Inland, late Whitworth Scholar, ftc. 

"We can unhesitatingly recommend this work not only to the Student, aa the wan 
TfeXT-BooK on the subject, but also to the professional engineer as an HxemHMGLY 
valuable book of nfoxeac*."—M*eAamic*l World. 



Third Edition, Thoroughly Revised. Royal 800. With numerous 
Illustrations and 13 Lithographic Plates. Handsome Cloth. ' Price 301. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Construction of Bridges in 

Iron and SteeL 

FOR THE USE OF 8TUDENT8, DRAU8HT8MEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, MLInst.CE., 

Prof, of Engineering, University College, Dundee. 

"The new edition of Mr. Fidler's work will again occupy the same oon- 
bpiououb position among professional text-books and treatises as has been 
accorded to its predecessors. Sound, simple, and pull."— The Engineer. 



In Medium &zh>. Handsome Cloth. Pp. i-xv + 248, with over 
100 Illustrations. Price 10s. 6d. net. 

CONSTRUCTIONAL STEELWORK: 

Being Notes on the Practical Aspect and the Principles of 

Design, together with an Aeeount of the Present 

Methods and Tools of Manufacture. 

By A. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

"Will be found of value to all Architects and Engineers engaged in steelwork construe* 
fan."— Building? News. 
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ENGINEERING AND MECHANICS. if 

In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Ships 

and Steel Ships (p. 38). With 34 Folding Plates and 468 

Illustrations in the Text. 30b. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.R, Assoc. M.Inst.C.E., 

Of the Engineers' Department, Mersey Docks and Harbour Board. 

GENERAL CONTENTS. 

Historical and Discursive. — Dock Design.— Constructive Appliances.— 

Materials, — Dock and Quay Walls. — Entrance Passages and Locks.— 

Jetties, Wharves, and Piers.— Dock Gates and Caissons. — Transit Sheds 

and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 

Working Equipment of Docks. —Index. 

"We have never Been a more profusely-Illustrated treatise. It is a most important 
standard work, and should be in the hands of all dock and harbour engineers."— Steamtkip. 
"Will be of the greatest Bervice to the expert as a book of reference."— Engineer. 



Fourth Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engineering Drawing and Desip. 

Vol. I. — Practical Geometry, Plane, and Solid. 4s. 6d. 
Vol. II. — Machine and Engine Drawing and Design, is. 6d. 

BT 

SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.I.Mech.E., 

Principal of the Batter** Polytechnic Institute, Ac. 

With many Illustrations, specially prepared for the Work, and numerous 

Examples, for the Use of Students in Technical Schools and College*. 

" A capital tiit-book, arranged on an uciLLim sybtim, calculated to giro an Intelligent 
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
now to make coupum wonKiire-DaAWuras, dlscasiing folly each step in the design."— IfswHasI 



In Large Crown 8vo. Handsome Cloth. With 201 Illustrations. 6s. net. 

AN INTRODUCTION TO 



GIRDERS, AND COLUMNS 
IN MACHINES AND STRUCTURES. 

With Examples in Graphic Statios. 

By WILLIAM H. ATHERTON, M.Sc, M.LMech.E. 

41 There should be a strong demand for this concise treatise."— Page's WeeHy. 
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Works by BRYAN DONKIN, slInatC.B. , ILIiistMeehJR., Ac. 

Fourth Edition, Revised and Enlarged. With additional 

Illustrations. Large 8vo, Handsome Cloth. [At Press. 

GAS, OIL, AND AIR ENGINES: 

A Praetieal Text -Book on Internal Combustion Motors 

without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., MJnst.Mech.E. 

Onmua Contents.— tfas Engines:— General Description— Hutocr and Develop- 
British, French, and German Gas Engines — Gas Production for Motive Power 





•Various Types: Stirling's, Ericsson's, &&, && 

"The »est book mow published on Gas, Oil, and Air Engines. . . . Will be of 

' orkat interest to the numerous practical engineers who have to make themselves 

tar with the motor of the day. . . . Mr. Donkm has the advantage of long 

VBAcncAi. experience, combined with high scientific and experimental knowledge, 

and an accurate perception of the requirements of Engineers."— The Engineer. 

"A thoroughly ksliable and exhaustive TweSxeit.*'— Engineering 



In Quarto, Handsome Cloth. With Numerous Plates. 25s* 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE), 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, Ac, with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents.— Classification of different Types of Boilers— 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown m Fifty Tables—Fire Grates of Various Types — Mechanical Stokers- 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
ftc— Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during recent years, 

and the best Modem Practice, 

" Probably the most exhaustive reeumi that hat ever been collected. A feaotioaj. 
Boos by a thoroughly praetieal man.'*— Iron and Coal Trades Review. 



BY WILLIAM 



BBKOKE ABATEMENT. 

(8ee page 76.) 
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Tnu Rjnmav, Rsvissd and Enlargtd. Podtet-Sise, Lsathtr, Us. W.; «^*o £ary*r Site for 

Qfia Use, Cloth, 12s. M. 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
A Handbook of Rulbs, Formula, Tables, &o., bklativb to Material, 

SOAHTLINGS, AND PRESSURES, SAFETY VaLVBS, SPRINGS, 

Fittings and Mountings, Ac 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERfl, 

AND STEAM USERS. 

By T. W. TRAILL, M. Inst. 0. E., F.E.R.N., 

Late Engineer Surveyor-hvChief to the Board of Trade. 

• # * To the Second and Third Editions many New Tables for Pressure, 
up to 200 Lbs. per Square Inch have been added. 

m Thb mow valuable woek on Botlen publlithed in England."— Skipping World. 

"Oontaina an Eboemous Quantity of Ibtoem atior arrranged In a rery convenient form. . . . 
A MOOT uur UL volume . . . supplying information to be bad nowhere else."— ThsEnginemr. 



Just Out. Fifth Impression. Large Crown 8vo. With numerous 

Illustrations. 6s. 

ENGINE-ROOM PRACTICE? 

A Handbook for Engineers and Offleers in the Royal Navy 

and Mercantile Marine, Including the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, A.M.I.C.E., 

Commander Engineer, Malta. 

Contents.— General Description of Marine Machinery.— The Conditions of Service and 
Duties of Engineers of the Royal Navy.— Entry and Conditions of Service of Engineers of 
the Leading; S.S. Companies.— Raising Steam —Duties of a 8teamlng Watch on Engines 
and Boilers.— Shutting off Steam.— Harbour Duties and Watches— Adjustments and 
Repairs of Engines.— Preservation and Repairs of "Tank" Boilers.— The Hull and Its 
Fittings.— Gleaning and Painting Machinery.— Reciprocating Pumps, Feed Heaters, and 
Automatic Feed - Water Regulators. — Evaporators. — Steam Boats. — Electric Light 
Machinery.— Hydraulic Machinery.— Air-Compressing Pomps -Refrigerating Machines. 
—Machinery of Destroyers.— The Management of Water-Tube Boilers.— Regulations for 
Entry of Assistant Engineers, R.N.— Questions given in Examinations for Promotion of 
Engineers, R.N.— Regulations respecting Board of Trade Examinations for Engineers. Ac. 

" The contents camnot fail to bk appreciated."— Ths Steamship. 

"ThiSYZftY USEFUL BOOK. . . . ILLUSTRATIONS are of GREAT IMPORTANCE in a Work 

of this kind, and it is satisfactory to find that special attention has been given In this 
respect.'*— Engintsri Oasstts. 



In Large Crown 8vo, Cloth. Fully Illustrated. 5s. net. 

Oil* FUELs 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 

By SIDNEY H. NORTH, 

LATE EDITOR 07 THE "PETROLEUM REVIEW." 

Contexts.— The Sources of Supply.— Economic Aspect of Liquid FueL— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modern Burners and Methods.— Oil Fuel for Marine Pur- 
poses.— For Naval Purposes.— On Locomotives.— For Metallurgical and other Purposes. 
—Appendices. — Iedex. 

11 Everyone interested in this important question will welcome Mr. North's excellent 
text-book."— Nature. 
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8iooin> Edition, Revised. With numerous Plates reduced from 
Working Drawings and 280 Illustrations in the Text. 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERINGS 

A Practical Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

BT 

WILLIAM FRANK PETTIGREW, M.Inst.OE. 

With a Section on American and Continental Engines. 

By ALBERT P. RAVENSHEAR, B.Sa, 

Of His Majesty's Patent Offloe. 

Contmti, — Historical Introduction. 1768-1868. — Modern Locomotives : Simple.— 
Modern Looomotives: Compound. — primary Consideration in Locomotive Design.— 
Cylinders, Steam Chests, and Stuffing Boxes.— Pistons, Piston Bods. Orossheeda and 
Slide Ban.— Connecting and Coupling Bods.— Wheels and Axles, Axle Boxes, Hornbloeks, 
and Bearing Bprlngs.— Balanoing.— Vslve Gear.— 81ide Valves sad Vslve Gear Details.— 
Framing, Bogles and Axle Trucks, Radial Axle Boxes.— Boilers.— Smokebox, Blast Pipe, 
Firebox Fittings.— Boiler Mountings.— Tenders.- Railway Brakes.— Lubrication.— Oon- 
sumption of Fuel, Evaporation and Engine Efficiency.— American Locomotives.— Con- 
tinental Locomotives.— Repairs, Banning, Inspection, and Renewals.— Three Appendices. 
—Index. 

"Likely to remain for many years the Btabdabb Woes for those wishing to learn 

fteisvflewi ^^^SDSMiefemsMa* 

* T A most Interesting and valuable addition to the bibliography of the Locomotive."— 
Railway OSJeial OatttU. 

** We recommend the book as thobocoblt huotioal In its oharacter, and xxamro a 
naos nr abt ooLLBonos of . . . works on Locomotive Engineering.'*— RaUway JTswt. 

"The work oonxmra all that oax bb lxaxht from a book upon such a subject. It 
will at once rank at thb stabdabd wosx uros this imfobtakt sobjsot."— Railway Maaawim*, 



In Large too. Handsome Cloth. With Plates and Illustrations. 16s. 

LIGHT RAILWAY 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Inst.O.R, 

Late Deputy-Manager, North- Western Railway, India. 

Contents.— Discussion of the Term "Light Railways. "— English Railways, 
Rates, and Farmers. — Light Railways in Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland. — Road Trans- 
port as an alternative.— The Light Railways Act, 1896. — The Question of 
Gauge. — Construction and Working. — Locomotives and Rolling-Stock. — light 
Railways in Faigland, Scotland, and Wales.— Appendices and index. 

"Mi. W. H. dole has brought together ... a lamb amodht of valuablb ebtokma- 
bost . . . hitherto practically inaccessible to the ordinary reader.'— Times. 

" Will remain, for some time yet a Stahdaxd Wobx in everything relating to light 
Railways."— £ft?tf»Mr. 

11 The author has extended practical experience that makes the book lucid and useful. 
It lssxOBBDniQLT well don*."— EnoHruering. 

"The whole subject is sxbaustivklt and raAonoALLT considered. The work esa be 
cordially recommended as npisrursABLB to those whose duty It is to become acquainted 
with one of the prime necessities of the immediate future."— Railway Official Oatette. 

u Thbbb could bb no bkttkb book of first reference on its subject. All c lsss es of 
Engineers will welcome its appearance. "— Scotsman. 
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Fourth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illustrations. Price 10%. 6<L 

VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOB THE USE OF 
ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 

By CHARLES HURST, Practical Draughtsman. 

PART L— Steam Engine Valves. 
PART II.— Gas Engine Valves and Gears. 
PART III.— Alp Compressor Valves and Gearing. 
PART IV.-Pump Valves. 

"Mb. Hursts valvkb and VALva-oiAaiaa will prove a very valuable aid, and tend to tbvt 
production of Bngines of sciwraiyic DiBios and 100 HOMiCAXWOEKiiro. . . . Will be largely 
•ought after by Student* and Designers. "— M arimt EngiTieer. 

•• Almost xvbky ttpb of VALVK and Its gearing is clearly set forth, and illustrated in 
soon a way as to be rkadilt todkrstood and practically affltad by either the Engineer, 
Draughtsman, or Student . . . Should prove both obkful and valuable to all Engineers 
seeking for ft"*»" and clbab Information on the subject. Its moderate price brings it 
within the reach of aJL n —lndustrie$ and Iran. 



Hints on Steam Engine Design and Construction. By Chablbs 

Hubst, "Author of Valves and Valve Gearing." Second Edition, 

Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 

Is. 6d. net. 

Contents.— I. Steam Pipes.— 1L Valves.— III. Cylinders.— IV. Air Pumps and Con- 
densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.— VIII. 
Lubrication.— IX. Miscellaneous Details —Index. 

"A handy volume which every practical young engineer should possess."— Tht Model 
Bttffinttr. 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 



Fop Calculating Wages on the Bonus op Premium Systems. 

For Engineering, Technical and Allied Trades. 
By HENRY A. GOLDING, A.M.I nst.M.E., 

Technical Assistant to Messrs. Bryan Donkln and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.C. 

"Cannot fall to prove practically serviceable to those for whom they have been 
designed."— Scotsman. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 
GRIFFIN'S ELECTRICAL PBIOE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c, &c. Edited by H. J. Dowsing. 

" The Electrical Prick- Book xbmovxs all mystery about the cost of Electrical 
Power. By its aid the kxpbnsb that will be entailed by utilising electricity on a large or 
small scale can be discovered." — Architect. 
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Shortly. Sbcond Edition. Large 8vo, Handsome Cloth. With 

Illustrations, Tables, &o. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THI 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, P.I.O., F.O.S., 

Chemist to the Midland Railway Oompany, 
AND 

R. MOUNTFORD DEELEY, MJ.Mech.E., P.G.S., 

Chief Locomotive Superintendent, Midland Railway Company. 

CONTaTfTS.— I. Friction of Solids,— IL Liquid Friction or Viscosity, and Plastic 
Friction.— TU. Superficial Tension.— IV. The Theory of Lubrication.— V. Labrioante. 
their Sources, Preparation, and Properties,— VI. Physical Properties and Methods of 
Examination of Lubricants.— VTI. Chemical Properties and Methods of Examination 
of Lubricants.— VIIL The Systematic Testing of LubricanU by Physical and Chemical 
Methods.— IX. The Mechanical Testing of LubricanU.— X. The Design and Lubrication 
of Bearings.— XI. The Lubrication of Machinery.— Ihdbx. 

" Destined to become a classic on the subject."— Industries and Iran. 
11 Contains practically all that is known on the subject. Deserves the careful 
attention of all Engineers."— Railway Official Guide. 



Fourth Edition. VeryfuUp Illustrated. Cloth, 4s. 64. 

STEAM - BOILERS: 

THBIR DEFECTS, MANAGEMENT, AND CONSTRUCTION. 

By R D. MUNRO, 

Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Co mpany. 

Gbnbral Contents. — I. Explosions caused (i) by Overheating of Plates— <s) By 
De fe ct i ve and Overloaded Safety Valves— (3) By Corrosion, Internal or External— ^4) By 
Defective Design and Construction (Unsupported Flue Tubes ; Unstrengthened Manholes ; 
Defective Staying ; Strength of Rivetted joints ; Factor of Safety)— II. Construction op 
Vbxtical Boilers: Shells— Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning— Table of Bursting 
Pressures of Steel Boilers — Table of Rivetted Joints — Specifications and Drawings of 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (£) soo lbs. per square inch re s pect i vely. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— Cell. Guardian. 

" The book is vkhy useful, especially to steam users, artisans, and young Engineers."— 



Br the sams Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand* 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 
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In Crown eW, Handsome Cloth. With Numerous 
Illustrations. $s, net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice in General Tool Grinding, 

and the Design, Construction, ana Application 

of the Machines Emoloyed. 

BY 

R. B. HODGSON, A.M.Inst.Mech.E., 

Author of "Machines and Tools Employee 1 in the Working of Sheet Metals." 
Introduction. — Tool Grinding. — Emery Wheels.— Mounting Emery Wheels. 
— Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Machines.— Concave and Convex Grinding.— Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. —Ward Universal Cutter Grinder.— Press. —Tool Grinding. —Lathe 
Centre Grinder. — Polishing. — Index. 

Deals practically with every phase of his subject." — Ironmonger 
" Eminently practical . . . cannot fail to attract the notice of the users of this class oi 
machinery, and to meet with careful perusal." — Chem. Trade Journal. 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

Computed to Four Plaees of Decimals for every Minute 

of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and 

Victoria. 

%• Published with the Concurrence of the Surveyors-General for New South 

Wales and Victoria. 

"Those who have experience in exact Susvzy-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelre miles to within 
half an inch, and this by rkpxxbncx to but Onb Table, in place of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which die Tablet 
ensure to every user, and as every Surveyor in active practice has felt die want of such 

■TT^tsnf^ FEW KNOWING OF THBIR PUBLICATION WILL RXMAIN WITHOUT THBM." 
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WORKS BY 
ANDREW JAMIESON, MJnst.GE., M.LE.E* F.R.S.E., 

f Engineering, The 
Technical College. 



Formerly Professor of Electrical Engineering, The Glasgow and West of Scotland 

corneal 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown 800. Fully Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Students preparing for Competitive 
Examinations. With over 700 pp., over 350 Illustrations, 10 Folding 
Plates, and very numerous Examination Papers. Fourteenth Edition. 
Revised throughout. 10s, 6cL 

M Pi of ww Jamieaoa ftsanitrs the reader by hii clearness op coMcarriow and 
SOcruciTY op expression. His treatment recalls the lecturing of Faraday."— ^4 thenmum . 

" 71m B«st Book yet published for the use of Students."— Engineer. 

MAGNETISM AND ELECTRICITY. For Advanced and 

'• Honours " Students. By Prof Jamieson, assisted by David Robertson, 
B.Sc, Professor of Electrical Engineering in the Merchant Venturers' 
Technical College, Bristol. [Shortly. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Vol. I. — Comprising Part I., with 540 pages, 300 Illustrations, and 
540 Examination Questions: The Principle of Work and its applica- 
tions; Part II.: Friction; Gearing, &c. Fifth Edition. 8s. od. 
" Fully maintains the reputation of the Author/*— PracU Engineer. 

Vol II.— Comprising Parts III. to VI., with 608 pages, 371 Illus- 
trations, and copious Examination Questions: Motion and Energy; 
Graphic Statics; Strength of Materials; Hydraulics and Hydraulic 
Machinery. Fourth Edition. 12s. 6d. 

m Wbxl AMD lucidly WRITTEN."— 7*A* Engineer. 

•»• Each of the above volumes is complete in itself and sold separately. 

PBOFESSOB JAMIESON'S INTBODUCTOBT MANUALS 

Crown &vo. With Illustrations and Examination Papers* 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Tenth Edition, Revised. 3/6. 

" Should be in the hands of every engineering apprentice. " — Practical Engineer. 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of)* For First-Year Students. Sixth Edition. 3/6. 

"A capital text-book . . . The diagrams are an important ie*tur*. m Sckt»lmarter. 
"A thoroughly trustworthy Text-book. Practical and clear."— Nature. 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First-Year Students, Sixth Edition, 
Revised and Greatly Enlarged. 3/6. 
"The work has very high qualities, which may be condensed into the one word 
• clear.' "Science and A ri. 

In Preparation. 300 pages. Crown Svo. Profusely Illustrated. 

Modern electric Tramway Traction: 

A Text-Book of Present-Day Practice. 

For the Use of Electrical Engineering Students and those interested in Bleetrie 

Transmission 0/ Power. 

By Prop. ANDREW JAMIESON. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, as. 6d. Seventeenth 
Edition. [See p. 48. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY 

W. I MACQDORN RANKINE, LL.D, F.R.S., 

Lmte Regius Professor of Ololl Engineering In the Untuersttu of (Hasgom. 

THOROUGHLY REVISED BY 

W. J. MIL LAB, C.E., 

Lmte Secretary to the Institute of Engineers and Shipbuilders In SocttemeL 



A MANUAL OF APPLIED MECHANICS : 

Comprising the Principles of Statics end Cinematics, end Theory of 
Stru ct ur e s , Mechanism, and Machines. With Numerous Diagrams. 
Crown 8vo, cloth. Seventeenth Edition. 12s. 6d. 



A MANUAL OF CIVIL ENGINEERING : 



Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbours, &o. With Numerous Tables and Illustrations. Crown 8vo. 
oloth. Twenty-Second Edition. 16s. 



A MANUAL OF MACHINERY AND MILL WORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, to. Illustrated with nearly 800 Woodcuts, 
Crown 8vo, oloth. Seventh Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and Air Engines, by Bryan Donkin, 
M.Inst C.E. With Folding Plates and Numerous Illustrations. 
Crown 8vo, oloth. Fifteenth Edition. 12s. 6d. 
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Piof. Rankings VI okkz— {Continued). 

USEFUL RULES AMD TABLES: 

For Architects, Builders, Engineers, Founders, Mechanic*, Shipbuilders, 
Surveyors, ko. With Appendix for the use of Elmtbioal Bnodixem. 
By Professor Jamihon, F.R.S.E. Ssybnth Edition. 10s. 66V 



A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankins and E. F. Bakbxb, C.E. With Numerous Illus- 
trations. Crown 8vo, oloth. Fijth Edition. 9s. 

V ThM "Mnaaunau. Text-Book " ism inipni fry Professor Runm m mn 
to f At mb$n Btrtu of JfawnoJa 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. 6d. 

Part L Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids, Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, &o. 

With Memoir by Professor Tait, M. A. Edited by W. J. Millab, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 



it 



No more enduring Memorial of Pro fes sor Rankine could be deviled than the . 
Bom of tame papers m an accessible form. . . . The Collection is most Tamable on 
account of the nature of bis discoveries, and the beauty and completeness of bis analysis. 
. . . The Volume eaoeedi in importance any work in the same department f "'rrtfl 
in our 1am**—Arckii*ct. 



SH ELTON -BEY (W. Vincent, Foreman to the 

Ottoman Gun Factories, Constantinople) : 



THE MECHANIC'S GUIDE : A Hand- Book for Engineers and 
Artisans. With Copious Tables and Valuable Recipes for Practical Use, 
Illustrated. Second Edition. Crown 8vo. Cloth, 7/6. 
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ENGINEERING AND MEGHAN 108. 37 

Third Edition, Thoroughly Revised and Enlarged. With 60 Plates ana 
Numerous Illustrations, Handsome Cloth. 34s. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.G&, 

FELLOW OP KING'S COLLEGE, LONDON : PROF. EMERITUS OP OTIL ENGINEERING, 

KING'S COLLEGE, ETC, ETC 

Contents — Discharge through Orifices. — Flow of Water through Pipes. — Accumulators. 
— Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. — 'Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching. 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
Cutters. — Pile Drivers. Excavators, &c. — Hydraulic Machinery applied to Bridges t Dock 
Gates, Wheels .and Turbines. — Shields. — Various Systems and Power Installations — 
Meters, &c — Index. 

"The standard work on the application of water power.'*— Casturs Magazine. 



JUST OUT. Second Edition, Greatly Enlarged. With Frontispiece, 
several Plates, and over 250 Illustrations. 21*. net. 

m PRINCIPLES AM) COHSTRDCTIOH OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illustrations of Engines and Pumps applied to Mining, 

Town Watkb Supply, Drainage of Lands, &c, also Economy 

and Efficiency Trials of Pumping Machinery. 

By HENRY DAVEY, 

Member of the Institution of Civil Engineers, Member of the Institution of 

Meohanioal Engineers, F.G.8., Ac. 

Contents — Early History of Pumping Engines — Steam Pumping Engines— 
Pumps and Pump Valves — General Principles of Non-Rotative Pumping 
Engines — The Cornish Engine, Simple and Compound — Types of "Mmmg 
Engines — Pit Work — Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Valve Gears of Pumping Engines — Water Pressure Pumping Engines 
— Water Works Engines — Pumping Engine Economy and Trials of Pumping 
Machinery — Centrifugal and other Low-Lift Pumps — Hydraulio Bams, 
Pumping Mains, Ac,— Index. 

"By the 'one English Engineer who probably knows more about Pumping Machinery 
than AST other/ ... A volume reoorddio the results of loss expredutoh AMD 
study."— The Engineer. 

"Undoubtedly the best and host practical treatise on Pumping Machinery that has 
yet been published."— Mining Journal 
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■ ' » ' ■■ 

Ratal 890. Handeome Oioth. With numeroue Utttetrationa and Tables. 25a. 

THE STABILITY OF SHIPS. 

* 
BY 

SIR EDWARD J. REED, K.GB., F.R.S., M.P., 



OP THB IMPBJUAI. OKBKXS OP ST. STANILAUS OP KVSSIA; ntANCZS JUSSISJ OP 

AUSTRIA; MBDjrom op tukkxy; AMD using sum op japan; vicb- 

PKBS1DBNT OP TUB INSTITUTION OP NATAL ARCHITECT*. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
ia or abroad, the Methods of Calculation introduced by Mr. F. K. Baknbs. Mr. Gray, 
M. RncH. M. Daymard, and Mr. Benjamin, ere all given separately, illustrated by 
Tables ana worked-out examples. The book contains more than aoo Diagrams, and is 
Qhistrated by a large number of actual cases, derived from ships of all desc rip tions. 

" Sir Edward Rxbd's ' Stability op Ships ' is invaluable. The Natal AacHrracr 
will find brought togetner and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere."— 8t**m*Aip. 



THB DESIGN AND CONSTRUCTION OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [In Preparation, 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 

Figures in the Text. 18s. net 

STEEL SHIPS; 

THEIB CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OP "KNOW YOUR OWN SHIP." 

Contents. — I. Manufacture of Cast Iron. Wrought Iron, and SteeL — Com- 
position of Iron and Steel, (Quality, Strength, Testa, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Type of VesseL— Framing 
of Ships. IV. Strains experienced by Ships. — Methods of Computing ana 
Comparing Strengths of Ships. V. Construction of Ships.— Alternative Modes 
of Construction.— Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers , Ac. — Rivets and Kivetting, Workmanship. VI. Pumping Arrange- 
ments. VJJL. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships. — Cement, Paint, &c— Index. 

r * So thorough and well written is every chapter in the book that It Is difficult to select 
any of them as being worthy of exceptional praise. Altogether, the work la excellent, and 
will prove of great value to those for whom it is intended? 1 — The Engineer. 
» "Mr. Walton has written for the profession of which he is an ornament His work 
win be read and appreciated, no doubt, by every M.LN.A., and with great benefit by the 
majority of them. —Journal of Commerce. 



UNIFORM WITH THE ABOVE. 

THE PRINCIPLES AND PRACTICE OF 

DOCK ENGINEERING, 

By BRYSSON CUNNINGHAM, B.E., M.Inst.CE. 

See p. 27. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited bt EDW. BLACKMORE, 
Master Mariner, First Clan Trinity Home Certificate, Asaoe. Inst. N.A. ; 

AND WRITTEN, MAINLY, by 8AILOB8 for SAILORS. 



"Thib admirable series."— Jftrirptoy. "A very useful series."— Nature. 

"The volumes of Messrs. Griffin's Nautical Series may well and profitably be 
read by all Interested In our national maritimb progress."— Marine Engineer. 

"Every Shd? should have the whole Series as a Reference Library. HAND- 
SOMELY bound, 0L1ARLT PRINTED and illubtbated. "— Liverpool Journ. 0/ Commerce. 

The British Mercantile Marine : An Historical Sketch of its Rim 

and Development. By the Editor, Capt. Blaokmore. 8s. 6<L 
"Captain Blaokmore's splendid book . . . contains paragraphs on every point 
of Interest to the Merchant Marine. The 248 pages of this book are THE most VALU- 
ABLE to the sea captain that have ever been compiled."— Merchant Service Review, 

Elementary Seamanship. By D. Wilson -Barker, Master Mariner, 
F.&.S.E., F.&.G.8. With numerous Plates, two In Colours, and Frontispiece. 
Fourth Edition, Thoroughly Revised. With additional Illustrations. 6s. 
"This admirable manual, by Capt. Wilson Barkbb, of the • Worcester,' 

to us perfectly designed."— Athenaeum. 



KnOW Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect. 
With numerous illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Eighth Edition. 7s. 6d. 
" Mb. Walton's book will be found vert useful."— The Engineer. 



Raviffation : Theoretical and Practical. By D. Wilson-Barker 

and William Allinqham. Second Edition, Revised. 8s. 6d. 
*• Precisely the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable."— Dundee Advertiser. 

Marine Meteorology: For Officers of the Merchant Navy. By 
William allingham. First Class Honours, Navigation, Science and Art Department 
With Illustrations, Maps, and Diagrams, and facsimile reproduction of log page. 
7s. 6d. 
" Quite the best publication on this subject."— Shipping Gazette. 

Latitude and Longitude : How to find them. By W. J. Millar, 

C.E. Second Edition, Bevised. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— If arfn* Engineer. 

Practical Mechanics: Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.B.A.S. Second Edition, Revised. 8s. 64. 
" Well worth the money . . . exceedingly helpful."— Shipping World. 

Trigonometry : For the Young Sailor, &c By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Second Edition, Revised. 
Price 8s. 6d. 
" This eminently practical and reliable volume."— Schoolmaster. 



Practical Algebra. By Rich. C. Buck. Companion Volume to the 
above, for Sailors and others. Price 8s. 6d. 
" It is just the book for the young sailor mindful of progress. —Nautieal Magazine. 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsburo, 

M.A., LL.D., of the Inner Temple and Northern Circuit: Barrlster-at-Law. SECOND 

Edition, Thoroughly Bevised and Enlarged. Price As. 6d. 

" Invaluable to masters. . . . We can fully recommend it."— Shipping Qazette. 

A Medical and Surgical Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F.&.C.S., Principal Medical Officer, Seamen's 
Hospital, Greenwich. Third Edition, Thoroughly Bevised. 0s. 
11 Bound, judicious, really helpful."— The Lancet. 

LONDON CHARLES GRIFFIN A CO., LIMITED, EXETER 8TREET, STRAND. 
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GRIFFINS NAUTICAL SERIES , 

Introductory Volume. Price 8$. 6d. 

TIESCDB] 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATB OF THB INSTITUTION OP NAVAL ARCHITBCTS; 

MEMBER OF THB INSTITUTION OF BNCINBBRS AND SHIPBUILDERS 

IN SCOTLAND ; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

GmnnAL Contents.— Historical : From Early Times to 1486— Fngna 
under Henry VIII.— To Death of Mary— During Elizabeth's Reign— Up to 
the Reign of William III.— The 18th and 19th Centuries— Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley Hall* Case— 
Shipmasters' Societies— Loading of Ships— Shipping Legislation, 1884 to 1894— 
Statistics of Shipping; The Pbbsonnil : Shipowners— Officers— Mariners- 
Duties and Present Position. Education: A Seaman's Education: what it 
should be — Present Means of Education— Hints. DiscxPLnre and Duty— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

14 iBTOusnro and Instructive . . . may be read with profit and bbjotmbbt."— 
OUupov Berold. 

r * Every bbabch of the subject Is dealt with In a way whioh shows that the writer 
* knows the ropes' familiarly."— Scotsman. 

"This admirable book . . . TEEM* with useful information— Should be in the 
hands of every Sailor.' 1 — Western Morning Newt. 



Fourth Edition, Thoroughly Revised. With Additional 

lllustratione. Price Be. 



ELEMENTARY SEAMANSHIP. 

IT 

D. WILSON-BARKER, Mabtbb Mabinbb; F.R.S.E., F.R.G.S.,Ao.,&o. 

YOUNGBB. BBOTKBB OF THB TUnUTT H0UBM, 

With Frontispieoe, Numerous Plates (Two in Colours), and Illustrations 

in the Text. 

General Oontsntb.— The Building of a Ship; Parts of Hull Masts, 
Ac — Ropes, Knots, Splicing, &c — Gear, Lead and Log, fte. — Rigging, 
Anchors— osilmakmg— The Sails, Arc. —Handling of Boats under San — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch- 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 

*»• The volume contains the saw bulbs or the boab, 

'* This ADimuEi.E manual, by Oapt. Wilsov-Babxbb of the " Worcester,' seems to as 
FBBnoxLT dbsiohed, and holds its place excellently in ' QBims's Nautical Series.' . . . 
Although Intended for those who are to beoome Offiosrs of the Merchant Navy, it will be 
found useful by all YkxnrraaxS—Aihmmum. 

%* For oomplete List of Oboiiv's Nautical Series, see p. 89. 

LONDON : CHARLE8 CRIFFIN « CO., LIMITED, EXETER STREET, 8TRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised and Illustrated. Price St. 6d. 

NAVIGATION: 



By DAVID WILSON-BARKER, RN.R, F.R.S.E., <fca, Ac, 

AHD 

WILLIAM ALLINGHAM, 

flKST-CLAflS HOHOUSS, NAVIGATION, 80EEN0B AND ART DEPARTMENT. 

TOitb numerous Jlluatratfons an& Bxamination QueaHon* 

Gsnisal Contend— Definitions — Latitude and Longitude — Instruments 
•of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing — Day's 
Work — Parallel Sailing — Middle Latitude Sailing — M creator's Chart— 
Mercator Sailing — Current Sailing — Position by Bearings—Great Circle Sailing 
—The Tides — Questions — Appendix : Compass Error — Numerous Useful Hints- 
Ac, — Index. 

u Phgisblt the kind of work required for the New Certificates of competency in grade* 
from Second state to extra Master. . . . Candidates will find it mvALOABia."— D v n d * 
AdwrtUtr. 

" A capital little book . . . specially adapted to the New Examinations. The 
Authors are Oar. Welson-Bajuexk (Captain-Superintendent of the Nautical College, H.M.S. 
1 Worcester,' who has had great experience in the highest problems of Navigation), and 
Ma. AxLntGHAM, a well-known writer on the Science of Navigation and Nautical Astronomy. " 
-Skipping World. 



Handsome Cloth. Fully Illustrated. Price 7s. 6d. 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of " Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

Introductory.— Instrument* Used at Sea for Meteorological Purposes.— Meteoro- 
logical Log-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
Winds.— Wind force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Hace.— Clouds.— Rain, Snow, and Hail.— 
Mirage, Rainbows, Coronas, Haios, and Meteors.— Lightning, Corposants, and Auroras.— 
Questions.— Appendix.— Index. 

• Quite the bbst publication, and certainly the most xmxusvnre, on this subject ever 
presented to Nautical men."— 8hippino Qamttt. 

%* For Complete list of Gbtfitn's Nautical Series, see p. 39. 
CONDON : CHARLE8 GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 
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QRHTDTS NAUTICAL SERIES. 

Swoowd Edition, Rxvisbd. With Numerous Illustrations. Price 8s. 6d. 

Practical Mechanics: 

Applied to the Requirements of the Sailor. 

By THOS. MACKENZIE, 

Mmtttr Marimr, F.R.A.8. 

GnURAL Coathih. — Resolution and Composition of Forces— Work dons 
by Machines and Living Agents — The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstan ; 
Grab Winch— Tackles : the "Old Man"— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir — Derricks and Shears— Calculation of the 
Gross-breaking Strain of Fir Spar— Centre of Effort of Sails— Hydrostatic* : 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c 

" This ixoellent book . . . contains a laboi amount of information. N 
—ITaturf. 

" Will worth the money • . . will be found zxokedihglt hklfful."— 
Shipping World. 

' r No Ships' OmoiBS' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics. ' Notwithstanding my many 
years' experience at sea, it has told me how much more there is to mcqvire." — 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
In 'Practical Mechanics.' . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and a ccidents to spars, «c. f Ac. I 'Practical Mechanics' would save all 
this." — (Letter to the Author from another Master Mariner). 



WORKS BT RICHARD C. BUCK, 

of the Thame. Nautical Trainlnt Oollefa, EM.& ' Woroerttt." 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Price 8s. 6d. 

Second Edition, Revised and Corrected. 

% # Mr. Buck's Text-Book has been specially prepared with a view 

to the New Examinations of the Board of Trade, in which Trigonometry 

Is an obligatory subject. 

"This BunrorrLY pbaoroax. and ksijabt.s voura."— Schoolmaster. 

A Manual of Algebra. 

Designed to meet the Requirements of Sailor* and others. Prlee 8b. 6d. 

%* These elementary works on alqbbba and teioohomstet are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for "sbl*- 
All bnt the simplest explanations have, therefore, been avoided, and Ajrswns ts 



the Exercises are given. Any person may readily, by careful etndy. become master of their 
contents, and time lay the foundation for a farther mathematical oonrse, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the "Worcester." 

" Clearly arranged, and well got op. . . A first-rate Elementary Algebra. — 
Jfamtioai Magati**. 

* «*For oomuletc List of Qboto's Nautical Brass, see p. 89. 
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GBHTIN'S NAUTICAL SERIES. 

Second Edition, Thoroughly Revised and Extended. In Crown Svo, 

Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oantar), 

Of the Inner Temple and Northern Circuit; Barrister-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner-— The Master's Duty in respect of the Crew : Engagement ; 
Apprentices- Discipline; Provisions, Accommodation, and Medical Comfort* ; Payment 
of Wages and Discharge— The Matter's Duty in respect of the Passengers— The Master's 
Ilnancial Responsibilities— The Master's Duty in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to oertain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ac., Ac.— Copious Index. 

" No Intelligent Master should fall to add this to his list of necessary books, A few lines 
of it may sav» a lawthk's m, ansinas un>Lass woaay."— Liverpool Journal of Commerce. 

" SawsxBut, plainly written, In auui and hov-tiohhigal lamquao*, and will be found of 
■dob sbkvkjb oy the Shipmaster."— -flH*wA Trad* Review. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

How to Find them. 



By W. J. MILLAR, C.E., 

Late Secretary to the In*L of Engineers and Shipbuilder* in Scotland. 

" Concisely and clearly written . . . cannot bat prove an acquisition 
to those studying Navigation." — Marine Engineer. 

" Young teamen will find it handy and useful, simple and oliab."— The 
MvnffinceT, 

FIRST AID AT SEA. 



Third Edition, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6a. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%• The attention of all interested in our Merchant Navy Is requested to this exceedingly 
useful and valuable work. It Is needless to say that it is the outcome of many years 
FBAonoAL axmnmcx amongst Seamen. 

" Souan, judicious, bbally hblikjl."— The Lancet. 

%* For Complete List of Griffin's Nautical Semes, see p. 39. 
10ND0N : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, 8TRAN0, 
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GRIFFIN'S NAUTICAL SERIES, 

Eighth Edition. Revised, with Chapters on Trim, Buoyancy, and Calcula- 
tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price. 7s. 6d\ 

KNOW YOUR OWN SHIP, 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 

This work explains, in a simple manner, such Important subjects as :— Displacement 
—Deadweight.— Tonnage.— Freeboard.— Momenta.— Buoyancy.— Strain.— Structure.— 
Stability.— Rolling.— Ballasting.— Loading.— Shifting Cargoes.- Admission of Water.— 
Sail Area.— Ac. 

"The little book will be found bxcbidikolt hahdt by most officers and officials connected 
with shipping. . . . Mr. Walton's work will obtain lasting success, because of Its unique 
fitness for those for whom it has been written."— Shipping World. 



BY THB 8AMB AUTHOR. 

Steel Ships: Their Construction and Maintenance. 

(See page 38.) 

Fifteenth Edition, Thoroughly Revised, Greatly Enlarged, and Reset 
Throughout. Large 9vo, Cloth, pp. i-xxiv+708. With 280 Illustra- 
tions, reduced from Working Drawings, and 8 Plates. 21s. net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, M.I.C.E., M.I.Meeh.E.. M.I.N. A. 

General Contents. — Past I. — Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV. —Propellers. Part V. — Boilers. 
Part IV. — Miscellaneous. 

"The Student, Draughtsman, sad Engineer will And this work the most taluabli 
Handbook of Reference on the Marine Engine now in existence."— Marim Engi 



Eighth Edition, Thoroughly Revised. Pocket-Sire, Leather. 8s. 6cL 

A POOKBT BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THB USB OF 

Marine Engineers. Naval Architects, Designers, Draughtsmen, 

Superintendents and Others. 

By A. & SEATON, M.I.O.E., M.I.Mech.K, M.I.N.A., 

AND 

H. M. ROUNTHWAITE, M.LMech.E. f M.I.N.A. 

"AoMiKABLV fulfils its purpose." — Marim Bncmttr. 
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WORKS BT PROF. ROBERT H. SMITH, Assoc.M.LC.E., 

M.LM.K., M.LJSLK., M.LM1ilEL, Whit Boh., HOnLMeiJL 



THE CALCULUS FOR ENGINEER8 

AND PHYSICISTS, 

Applied to Technical Problems. 

WITH XXTBN8OT 

OI1AS8IPIBD REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH. 

ASSISTED JIT 

R. F. MUIRHEAD, M.A., B.Sa, 

Formerly Olark Fellow of Glasgow University, and Lecturer on Mathematics at 

Mason College. 

In Crown 8w>, extra, with Diagram* and Folding-Plate, 8s. 6d. 

M Pmor. B. H. Smith's book will be serviceable In rendering a hard road ab bast ab nAOfio* 
abu for the non-mathematical Student and Engineer."— Atkau wm . 

" Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
In abundance. Thj txbt compliti ciabbivud utbufcb tabu will prove Tory useful m 
taring the time of those who want an Integral in a hurry.*— Tte Engineer. 



MEASUREMENT CONVERSIONS 

(English and French) : 

28 GRAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the Mutual Contxbsion of Mkasumcmxntb 

in Dtffbbknt Units 

* 

Of Lengths, Anas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Hone Powers, Temperatures, Ac 

For Vie mm of Engineer*, Surveyors, Architects, and Contractors. 
In 4to f Boards. 7s. 6d. 



%* Prof. Smtth'8 Convbrsion-Tablxs form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 

" The work la uttalpaju."— C ot te ry Gvordta*. 

" Ought to be In btbby office where even occasional oonYenlons are required. . . . Prof. 
Shrh'b Tablbb form very bxobuot chbokb on results. "—KUdrioal Rente*. 

" Prof. Smith deserres the hearty thanks, not only of the Bffeimon, but of the Comjuboiak 
Womxn, for having smoothed the way for the adorioh of the Mnrmic Sybtoi of MiASVMMin, 
a subject which Is now assuming great importance as a factor in maintaining our hold upon 
fommion vbadi"— The Machinery Market. 
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Second Edition. In Large 8vo. Handsome Cloth. 

CHEMISTRY FOR ENGINEERS. 



BERTRAM BLOUNT, and A. G. BLOXAM, 

F.LC., F.O.8., A.LO.E., F.LO., F.0.&, 

Consulting Chemist to the Crown Agents for Oonsultmf Chemist, Head of the Chemistry 

the Colonies. Department, Goldsmith*' Inst., 

New Cross. 

CUOTBAL OOMTE JNTV. — Introduction— Chemistry of the Chief Material* 
of Construction— Sources of Energy— Chemistry of Steam-raising— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used In the 
Winning and Manufacture of Metals. 

"The authors have succeeded beyond all expectation, and hare produced a work which 
ahonld glTe risen fowbb to the Engineer and Manufacturer."—^ Timet. 

M PKAOfiCA& usotresouv ... an ▲dmisabli text-book, niefnl not only to Students, 
sot to Saomssifl and Masacsbs or wosxs in rasvssnse wars and umorure 



For Companion Volume by the same Authors, see " Chrmistby 

for Manufacturers," p. 71. 

Pocket Size.Leather Limp, with Gilt Edges and Rounded Corners, printed on Special 
Thin Paper, with Illustrations, pp. i-xli + 884. Price 18s. net. 

(THE NEW "NYSTROM") 

THE MECHANICAL EHGIHEER'8 REFERENCE BOOK 

A Handbook of Tables, Formulas and Methods for Engineers, 

Students and Draughtsmen, 

By HENRY HARRISON SUPLEE, B.Sc, M.E. 

Tables, Formulas, and Reference Data for Mechanical Engineers, comprising machine 
design and information relating to the drawing office and the designing department; 
ntended as a snooessor to the well-known Pocket-fiook written many years ago by the 
late Jour W. Ntoteom.— Publtihcrs' Note. 



Works by WALTER R. BROWNE, M.A., M.lNST.C.E., 

Late Fellow of Trinity College, Cambridge. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Foree and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 60L 

" Clear in style and practical in method, 'Tm Student's Mechanics' is cordially to be 
recommended from all points of view."— AtAttumm. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, is. 
Demy 8vo, with Numerous IUustrationa, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Pbof. FRANZ SCHWACKH0FER of Vienna, and 
WALTER R. BROWNE, M.A., CE. 

GxifSJtAL Contents.— Heat and Combustion— Fuel, Varieties of— Firing Arrange- 
ments; Furnace, Flues, Chimney — The Boiler, Choice of — Varieties — Feed^water 
Heaters— Steam Pi pes Water ; Composition, Purification— Prevention of Scale, &c, &C. 

"The Section on Heat is one of die best and most lucid ever written."— £«ft/t»w*r. 
" Cannot fail to be valuable to thousands using steam power. *~-Aw tway Engt 
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GRIFFIN'S LOCAL GOVERNMENT HANDBOOKS, 

WORKS SUITABLE FOB MUNICIPAL AND COUNTY ENGINEERS, 

ANALYSTS, AND OTHERS. 

See also Davies' Hygiene, p. 90, and MacLeod's Calculations, p. 110. 

Gas Manufacture (The Chemistry of)- A Handbook on the Pro- 

ductioxi, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. Butterfield, M.A., F.I.C., F.C.S. With Illustrations. THIRD 
Edition, Revised. Vol. I., 7s. 6d. net. Vol. II., in preparation, [See page 77 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution 01 Water. By Reginald E. Middleton, M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. With Four Plates and Numerous Diagrams. Crown 8vo. 8s. 6d. net. 

[See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment ByC. H. Wordingham, A.K.C., M.I.C.E. Second Edition. 24s. net. [Seep. 48. 

Sewage Disposal Works : A Guide to the Construction of Works for 
the Prevention of the Pollution by Sewage of Rivers and Estuaries. By W. Santo 
Crimp, M.Inst.C.E., F.G.S. Second Edition, Revised and Enlarged. Large 8vo, 
Handsome Cloth. With 37 Plates. Price 80s. [See page 76. 

Trades' Waste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Natlor, F.C.S., A.M.Inst.C.E. 
With Numerous Plates, Diagrams, and Illustrations. 2ls. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By GILBERT REDGRAVE, Assoc.Inst.CE., 
and Chas. Spaceman, F.C.S. With Illustrations, Analytical Data, and Appendices 
on Costs, Ac. 15s. net. [See page 76. 

Road Making and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice. 
By Thomas Attkbn, Assoc.M.Inst.C.E., M. Assoc. Municipal and County Engrs.; 
M. San. Inst. With numerous Plates, Diagrams, and Illustrations. 21s. 

[See page 70 

light Railways at Home and Abroad. By William Henry Com, 

M.Inst.C.E., late Deputy Manager, North- Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 80. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Rbid, M.D., D.P.H., Medical Officer, Staffordshire 
Counter Council. With Appendix on Sanitary Law, by Herbert Manley, M.A., M. B. t 
D.P.H. Twelfth Edition, Thoroughly Revised. 6s. [See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Inst.C.E., F.G.S., Borough 
Surveyor, Fulham. Fully Illustrated. 8s. 6d. net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.C.S., Chemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, <fec. Handsome Cloth, 16s. [See page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
Willoughbt, M.D. (Lond.), D.P.H. (Lond. and Camb.), Inspector of Farms and 
General Scientific Adviser to Welford & Sons, Ltd. 6s. net. [See page 78. 

Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.LC, Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wyntxr Blyth, 
M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M. W Blyth, 
B.A., B.sc. With Tables, Folding Plate, and Frontispiece. Fifth Edition, 
Thoroughly Revised. 21s. [See page 72. 

"An admirable digest of the most recent state of knowledge."— Chemical News. 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised, In Large %oo. Handsome Cloth. Profusely 
Illustrated with Plates, Diagrams, and Figures. 24J. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mkch.E., 

Late Memb. of Council Inst-E.E., and Electrical Engineer to the City of Manchester : 

Electrical Engineer-in-Chief to the Admiralty. 

ABRIDGED CONTENTS. 
Introductory. — Central Station Work as a Profession. — As an Investment — The Estab- 
lishment of a Central Station — Systems of Supply. — Site.— Architecture.— Plant. — Boilers — 
Systems of Draught and Waste Heat Economy. — Coal Handling, Weighing, and Storing — 
The Transmission of Steam. — Generators. — Condensing Appliances^ — Switching Gear, 
Instruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks- — Service Mains and Feeders. — Testing Mains. — Meters and 
Appliances. — Standardising and Testing Laboratory. — Secondary Batteries. — Street Light- 
ing. — Cost. — General Organisation — Mains Department — Installation Department — 
Standardising Department — Drawing Office — Clerical Department — The Consumer. — 
Routine and MainXaying. — Index. 

" One of the most valuable contributions to Central Station literature we have had 
for some time."— Electricity. 



In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Eleetrle Switehgear and Systems of Electric Transmission. 

By LEONARD ANDREWS, 

Associate Member of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c. 

General Principles of Switehgear Design. —Constructional Details. — Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems.— Examples of Complete 
Installations. — Long Distance Transmission Schemes. 

"Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject " — Power. 



Seventeenth Edition, Thoroughly Revised and Enlarged. 8s. 6d. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 
With Numerous Diagrams. Pocket Size. Leather, Ss. 6d. 

GENERAL CONTENT! 
Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables.— Telegraphy.— Electrc^^emistry.—Electro-MetaUurgy.—BattOTes.— Dynamos and* 
Motors. — Transformers. — Electric Lighting. — Miscellaneous. — Logarithms. — Appendices. 

" Wondbxfully PaaracT. . . . Worthy of the highest commendation we caa- 
give it." —Electrician. 

"The Stxhuno Value of Messrs. Mvmto and Jamwsom's Pockbt-Boo* "- 
E lectricai Review. 
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At Press. In Handsome Cloth. Profusely Illustrated. 

WIRELESS TELEGRAPHY. 

BY 
Dr. GUSTAVE EICHHORN. 

Contents. — Oscillations. — Closed Oscillation Systems. — Open Oscillation 
Systems. — Coupled Systems. — The Coupling Compensating the Aerial Wire. — 
Tlie Receiver. — Comparative Measurement in the Sender. — Theoretical Results 
and Calculations in respect of Sender and Receiver. — Closely-Coupled Sender 
and Receiver. — Loose-Coupled Sender and Receiver. — Principal Formulae. — 
The Ondameter. — Working a Wireless Telegraph Station. — Modern Apparatus 
and Methods of Working. — Conclusion. — Bibliography. — Index. 



In Active Preparation. Large 8vo, Handsome Cloth. 

Fully Illustrated. 

ELECTRICITY METERS. 

BY 

HENRY G. SOLOMON. 

Contents. — Introductory. — General Principles of Continuous - Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters. — Different Types. — Special Purposes, *.«., Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters. — Single -phase Induction Meters. — Polyphase Meters. — Tariff 
Systems. — Prepayment Meters. — Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design. — Testing Meters. — Index. 



ELECTRICAL PRACTICE IN COLLIERIES. 

By D. BURNS, M.E., M.Inst.M.E. 
(See page 58.) 



GRIFFIN'S ELECTRICAL PRICE-BOOK. 

Edited by H. J. DOWSING. 
(See page 31.) 



MODERN ELECTRIC TRAMWAY TRACTION. 

By Professor ANDREW JAMIESON. 
(See page 34.) 
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By PROFESSORS J. H. POYNTINQ ft J. J. THOMSON. 

In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS, 

J. H. POYNTING, J. J. THOMSON, 

8CD., F.B.S., AND M.A., F.B.S., 

Fellow of Trinity College, Cambridge; Fellow of Trinity College, Cambridge; Pro! 

Professor of Physics, Birmingham of Experimental Physics in the University 

University. of Cambridge. 



Introductory Volume, fully Illustrated. Thibd Edition, 

Revised. Shortly. 



Oostsbts.— Gravitation. — The Aoceleratlon of Gravity.— Elasticity.— Stroesee and 
Strains.— Torsion.— Bending of Rods.— Spiral Springs.— Collision*— Compressibility of 
Liquids.— Pressures and volumes of Gases.— Thermal Effects Accompanying Strain.— 
Capillarity.— Surface Tension.— Laplace's Theory of Capillarity.— Diffnaion of Liquids — 
Diffusion of Gases.— Viscosity of Liquids.— Index. 

" Students of physics cannot fail to derive benefit from the book."— KnowUd&z. 
" We regard this book as quite indispensable not merely to teachers bat to physicists o ever 
grade above the lowest."— university Correspondent. 

Volume II. Third Edition. Fully Illustrated. Price 8a. 6d. 

SOUND. 

OoHTEHTS.— The Nature of Sound and its chief Characteristics.— The Velocity of Bound 
in Air and other Media.— Reflection and Refraction of Sound.— Frequency and Pitch of 
Notes.— Resonance and Forced Oscillations.— Analysis of Vibrations.— The Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Cavities.— Rods.— Plates. 
—Membranes.— Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves.— Ihdfx. 

" The work . . . may be recommended to anyone desirous of possessing an bast, 
cr-ro-DATB Stavdard Tksatise on Acoustics.*'— Literature. 

" Very clearly written. . . . The names of the authors are a guarantee of the 
<eaDBmno aocubaot and up-to date ohakactkb of the work."— Educational Timet. 



Just Out. Volume III. Fully Illustrated. Price 15s. 

HEAT. 

Contents. — Temperature. — Expansion of Solids. — Liquids. — Gases. — Circulation 
and Convection.— Quantity of Heat ; Specific Heat.— Conductivity.— Forms of Energy ; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory —Change of State; 
Liquid Vapour.— Critical Points. — Solids and Liquids. — Atmospheric Conditions.— 
Radiation.— Theory of Exchanges.— Radiation and Temperature.— Thermodynamics.— 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index. 

Remaining Volumes in Preparation — 
LIGHT; MAGNETISM A1TO ELECTRICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 
Adams Prize was adjudged in 1888 in the University of Cambridge. By J. H. 
Poynting, Sc.D.. F.R.8., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations In 
the Text, and Seven Lithographed Plates. 12s. 6d. 

"An account of this subject cannot fail to be of omat and aansAX nmmisff to the sdentine 
mind. Especially is this the case when the account is given by one who has contributed so 
considerably as has Prof. Poynting to our present state of knowledge with respect to a very 
•difficult subject. . . . Remarkably has Newton's estimate been verified by Prof. Poynting."— 
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Mine Accounts,. 

Mining Engineers' Pkt.-Bk., E. R. Field, M.Inst.M.M., 

Petroleum, .... Redwood and Holloway, 
A Handbook on Petroleum, J. H. Thomson and Dr. Redwood, 61 
Oil Fuel, .... Sidney H. North, . . 29 

Metallurgical Analysis, . Macleod and Walker, 60 

Microscopic Analysis, F. Osmond & J. E. Stead, F.R.S., 60 

Metallurgy (General), Phillips and Bauerman, 

„ (Elementary), Prof. Humboldt Sexton, 

Getting Gold, . J. C. F. Johnson, F.G.S., 

Gold Seeking in South Africa, Theo Kassner, . 
Cyanide Process, . James Park, F.G.S., . 

Cyaniding, . . Julian and Smart, 

Electric Smelting, . Borchers and M°Millan, . 

Electro-Metallurgy, W. G. m°Millan, F.I.C., . 

Assaying, • J. J. & 0. Beringer, . 

Metallurgical Analysis, J. J. Morgan, F.C.S., . 
Metallurgy (Introduction to), Sir W. Roberts-Austen, K.O.B. 
Gold, Metallurgy of, . D«- Kirke Rose, A.R.S.M., 
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Demy 8vo, Handsome cloth, 18s. 

Physical Geology and Palaeontology, 

0JV THE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F.R.S.. 

PROFESSOR OF GEOGRAPHY Of KING'S COLLEGE. LONDON. 

TOttb frontispiece in Gbromo*I4tbo0tapb£, anb SlluBtratlonB, 

M It is impossible to praise too highly the research which Professor Srilrt's 
' Physical Geology ' evidences. It is par if orr than a Text- book— it is 
a Directory to the Student in prosecuting his researches." — Presidential Ad* 
drees to the Geological Society, 1885,*? Rev. Prof. Bonney, D.Sc. % LL.D., F.R.S. 

"Professor Srrlry maintains in his 'Physical Geology 1 the high 
reputation he already deservedly bears as a Teacher." — Dr. Henry Wood- 
ward, F.R.S. % in the " Geological MagOMtne." 

" Professor Seeley's work includes one of the most satisfactory Treatises 
on Lithology in the English language." — American Journal of Engineering. 



Demy 8vo, Handsome cloth, S4s. 

Stratigraphlcal Geology & Pakontology, 

ON THE BASIS OF PHILLIPS. 

BY 

ROBERT ETHERIDGE, F.R.S., 

OP TUB NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PALAEONTOLOGIST TO THE 
GEOLOGICAL SURVEY OP GREAT BRITAIN. PAST PRESIDENT OP THE 

GEOLOGICAL SOCIETY, ETC. 

THUtb Aap, numerous Gables, anb Vbitts^tt plate* 

" No such compendium of geological knowledge has ever been brought together before."— 
Weettmuuter Review. 

" If Prof. Seeley's volume was remarkable for its originality and the breadth of hs views, 
Mr. Etheridgr fully justifies the assertion made in his preface that his book differs in con- 
struction and detail from any known manual. . . . Must take high rank among works 
op *MTBXEnc*. m —A t A * funtm. 



OPEfl-AIR STUDIES If) GEOLOGY: 

An Introduction to Geology Out-of-doors. 

By PROFESSOR GRENVILLE COLE, M.R.LA., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 85. 
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Crown Svo. Handsome Cloth, 2s, 6d. 

RESEARCHES ON THE PABT AND PRESENT HISTORY 

OF 

THE EARTH'S ATMOSPHERE. 

Including the latest Discoveries and their Practical Applications. 

By DR. THOMAS LAMB PHIPSON. 

PART I. — The Earth's Atmosphere in Remote Geological Periods. 
PART II. — The Atmosphere of our Present Period. 

Appendices; Index. 

* # * Dr. Phipson's work presents, amidst much which is of interest to the 

Scientist and the General Reader alike, a short resume* of his discovery of the 

origin of Atmospheric Oxygen, the existence of which he attributes wholly to 

the action of Solar Radiation upon vegetable life. The book will be found 

replete with much that is new, curious, and interesting, both in connection with 

Weather Lore, and with Scientific Meteorology. — Publisher's Note. 

41 The book should prove of interest to general readers, as well a* to meteorologists 
and other students of science. "—Nature. 



By GRENVILLE A. J. COLE, M.R.I.A., F.6.S H 

Professor of Geology in the Royal College of Science for Ireland, and Examiner in the 

University of London. 

See also the two following pages (54, 55), and page 85. 

AIDS IN 

PRACTICAL GEOLOGY-. 

WITH A SECTION ON PALAEONTOLOGY, 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

Fourth Edition, Thoroughly Revised. With Frontispiece and 

Illustrations. Cloth, zos. 6d. 



GENERAL CONTENTS.— 

PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III.— Examination of Rocks. 
PART IV.— Examination .of Fossils. 

" Prof. Cole treats of the examination of minerals and rocks in a way that has 

been attempted before . . . deserving of the highest praise. Here indeed are 
'Aids' innumerable and Invaluable, All the directions are given with the utmost clear- 
ness and precision."— .4 £**mn«jw. 

"That the work deserves it* title, that it is full of 'Aids/ and in the highest degree 
' practical,' will be the verdict of all who use '*L"—Naturt. 

" This excellent Manual . . . will be a vnY GREAT rsxp. . . . The section 
on the Examination of Fossils is probably the best of its kind yet published. . . . Full 
of wen-digested information from the newest sources and from personal research."— ^imusA 
•f Nat. History. 
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Sixth Edition. With Frontispiece and 716 Illustrations. Price 34a. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 

LATE FBOFBSSOR OF MINING, ROYAL COLLEGE OF SCIENCE.; 

Revised, and brought up-to-date 
By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Occurrence of Minerals.— Prospecting.— Boring, 
—Breaking Ground.— Supporting Excavations.— Exploitation.— Haulage or 
Transport.— Hoisting or Winding.— Drainage.— Ventilation. — Lighting.— 
Descent and Ascent.— Dressing— Principles ofBmplovment of Mining Labour* 
—Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.— Index. 



Dr. Foster's book was e au ec l e d to be epoch-making, and it fully justifies such 
on. ... A most admirable account of the mode of occurrence of practically all 
known minerals. Probably stands unrivalled for completeness. '— The Mttdne JmtrmaL 
"This epoch-making work . . . appeals to men of experience no lest than to 
students."— B*rg- umd Httttnm&Hnitck* Zritvng. 
"This splendid work."— Otsttrr. Zfchrft mr B*rg- umd HIUUnwiMm. 



In Crown 8vo. Handsome Cloth. With nearly 300 Illustrations, many of 
them being full page reproductions of views of great interest. Price 7s. 6d. net. 

THE ELEMEHTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

Professor of Mining at the Royal College of Science, London, with which is Incorporated 
the Koyal School of Mines ; lately one of H.M. Inspectors of Mines. 

General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
specting. — Boring. — Breaking Ground. — Supporting Excavations. — Exploita- 
tion. — Haulage or Transport. — Hoisting or Winding. — Drainage. — Ventilation. 
-—Lighting. — Descent and Ascent. — Dressing, Ac. — Index. 

" A remarkably clear survey of the whole field of mining operations."— Engineer. 

" Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book."— -Mining Journal. 



Fifth Edition, Revised and Greatly Enlarged. With 4 Plates and 

670 Illustrations. Price 24s. net. 

A TEXT-BOOK OF COAL-MINING : 

FOR THE U8E OF COLLIERY MANAQER8 AND OTHERS 
ENGAGED IN COAL-MINING. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Assoc Royal School of Mines, General Manager of Sandwell Park Colliery. 

GENERAL CONTENTS. 
Geology.— Search for CoaL — Breaking Ground. — Sinking.— Preliminary 
Operations. — Methods of Working. — Haulage. — Winding. — Pumping.— 
Ventilation. — Lighting. — Works at Surface. — Preparation of Coal for Market 
— Index. 

"Quite the best book of its kind ... as practical in aim as a book can be . . . 
The illustrations are excellent.'*— Atknutum. 

" We cordially recommend the wGtk. m —CelN*rr Guardian. 

" Will soon come to be regarded as the standard work of its kind."— i ?if mu i £ mmm 
DaUt GanttU. 
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~~^ ■ ^ .^ — — ^— .^^_ — _^_— ^ 
Eleventh Edition, Revised. With Numerous Diagrams. 

Cloth, 78. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the use of Managers of Mines and Collieries, Students 
at the Royal 8ohool of Mines, do. 

By BENNETT H. BROUGH, F.G.S., ASSOC.R.S.M., 

Formerly Instructor of Mine-Surveying, Royal School of Mines. 

" Its CLBARNRSS of STYLB, LUCIDITY of DESCRIPTION, sod FULNESS of DETAIL have long ago won 
for it a place unique in the literature of this branch of mining engineering, and the present edition fully 
maintains the high standard of its predecessors. To the student, and to die mining engineer alike, ITS 
VALUE is Inestimable. The illustrations are excellent."— TJu Mining Journal. 



In Large Crown 8vo. Fully Illustrated. ' 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nature, Significance, and Practical 

Methods of Measurement of the Impurities met with in the 

Air of Collieries and Metalliferous Mines, 

EDITED BY 

Sir CLEMENT LE NEVE FOSTER, D.Sc, F.R.S., 
And J. S. HALDANE, M.D., F.R.S. 

" We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus." — Colliery Guardian. 



At Press. In Crown 8vo> Handsome Cloth. Latest Addition to 
GRIFFIN'S MINING SERIES. 

MINING LA W. 

By CHARLES! J. ALFORD. 

Contents. — The Principles of Mining Law. — The Mining Law of Great 
Britain.— British India.— Ceylon.— Burma.— The Malay Peninsula. — British 
North Borneo. — Egypt. — Cyprus. — The Dominion of Canada. — British 
Guiana.— The Gold Coast Colony and Ashanti.— Cape of Good Hope. — 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia. — New Zealand, &c. — Index. 



In Large 8w. Third Edition. Price 10«. W. 

Mine Accounts and Mining Book-Keeping. 

For Students, Managers, Secretaries, and others. 

With Examples taken from Actual Practice of Leading Companies, 

Br JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.8., 
Professor of Mining at the South African School of Mines. 

Edited bt Sir C. LE NEVE FOSTER, D.Sc, F.R.S. 



n 



It seems dcpossiblx to suggest how Mr. Lawit'8 book could be made more oomfutb or 

" exhau " 



more valuable, careful,' and ezhaostiTe."— Accountants' Magatint. 



THE MINING ENGINEERS 9 REPORT BOOK AND DIRECTORS 9 

AND SHAREHOLDERS' GUIDE TO MINING REPORTS. By 

Edwin R. Field, M.Inst.M.M. With Notes on the Valuation of 

Mining Property and Tabulating Reports, Useful Tables, <kc., and 

provided with detachable blank pages for MS. Notes. Pocket Sim, 

Strongly Bound in Leather. 3s. 6d. 

"An admirably compiled book which Mining Engineers and Managers will find 
useful." — Mining Journal. 
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Sioond Edition. In Crown Svo. Handtome Cloth, With 30 New 

Illustrations. 7s. Gd net. 

ELECTRICAL PRACTICE IN COLLIERIES. 

By D. BURNS, M.E., M.Inbt.M.E., 

Oerttfloated OoUlery Manager, and Lecturer on Mining and Geology to the Glasgow and Weatjof 

Scotland Technical College. 

Units of Measurement, Conductors, kc — The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working. — Motors. — Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Mines 
Regulation Aot (Electricity).— Index. 

"A clear and concise Introduction to electrical practice in collieries."— Jfinfa? 
Journal 



Poubth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown Svo. Handsome Cloth. 

PRACTICAL COAL-MINING: 

A MANUAL FOR MANAGERS, UNDER-MANAGrURS, 
COLLIERY ENGINEERS, AND OTHERS. 

With Worked-out Problem* on Haulage, Pumping, Ventilation, dsc. 
By GEORGE L. KERR, M.E., M.Inst.M.E. 

"An ssuiraiALLT practical woke, and can be confidently recommended. No department 
of Goal-Mining has been overlooked."— Engineers' OoMette. 

"Thli book jus* mists the wants of Students preparing for the Colliery Managen' Examin- 
ation*. I have decided to nee it for onr claasee here. . . . We hare, I believe the largest 
mining clam in Great Britain."— Ths Principal of a Training OoUsgt, 



ELEMENTARY COAL-MINING : For the Use of Students, Miners, and 

others preparing for Examinations. By George L. Kerr, M.E., 

M.Inst.M.E., Author of "Practical Coal-Mining." In Crown 8vo. 

Handsome Cloth. With 200 Illustrations. 3s. 6d. 

"An abundance of information conveyed in a popular an attractive form. . . . Will be 
of great use to all who are in any way Interested in coal mining."— Scottish Critie. 



BLASTING : and the Use ef Explosives. A Handbook for 

Engineers and others Engaged in Mining, Tunnelling, Quarrying, ftc 
Bv Oscar Guttmank, M.Inst.C.E., Member of the Societies 
of Civil Engineers and Architects of Vienna and Budapest, Corre- 
sponding Member of the Imp. Boy. Geological Institution of Austria, 
&c. In Large 8vo, with Illustrations and Folding-Plates. 10s. 6d. 

" Should prove a vade-mecum to Mining Engineers and all engaged in practical work. 
—Iren and Coal Trades Review. 



TESTING EXPLOSIVES. By Dr. Bichel and Axel Larsen. 
Contents. — Historical — Testing Stations — Power Gauges — Products 
of Combustion — Heat of Decomposition — Rate of Detonation — Rate 
and Duration of Flame — After Flame Rates — Transmission of Explo- 
sion—Efficiency, etc. At Press. In Medium Svo. Fully Illustrated. 
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/» Medium &vo. With Numerous Plates, Maps, and Illustrations. 

21s. net. 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 
Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and Metallurgical Engineer ; Specialist in Gold : Late Technical Adrtoer of the 
Deutsche Gold and Silber Scheide Anttalt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.I.O.E., 

Civil and Metallurgical Engineer. 

" A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the process,"— if initio Journal. 

"The authors are to be congratulated upon the production of what should prove to be 
a standard work."— Page's Magazine. 

In Large Crown &vo. With Plates and Illustrations. Handsome Cloth. 

Is. Gd. 

THE CYANIDE PROCESS OF COLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and Students at 

8ohools of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 

Thames School of Mines, and Geological Surveyor and Mining Geologist 

to the Government of New Zealand. 

Third English Edition. Thoroughly Revised and Greatly Enlarged. 

With additional details concerning the Siemens-Halske and other 

recent processes. 

1 ■ Deserves to be ranked as amongst the best or existing treatises. "— Mining Journal. 



Third Edition, Revised. With Plates and Illustrations. Cloth, 3& ML 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 

By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

life Member Australasian Mine-Managers' Association. 

Gkniral Contexts. — Introductory : Prospecting (Alluvial and General) — 
Lode or Reef Prospecting — Genesiology of Gold— Auriferous Lodes — Drifts — 
Gold Extraction — Lmviation — Calcination — Motor Power and its Transmission 
—Company Formation — Mining Appliances and Methods — Australasian 
Mining Regulations. 

" Practical from beginning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold."— BriL Australasian. 



In Crown Svo. Illustrated. Fancy Cloth Boards. 4*. 6d. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for Intending Explorers, Prospectors, 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author of the Geological Sketch Map of the Be Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of 8outh Africa. 

"As fascinating as anything ever penned by Jnles Verne."— African Commerce. 
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» 

Large 8to. Handsome Cloth. With Illustrations. 

12s. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYINC : 

A THREE YEARS' COURSE 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. A. MACLEOD, B.A., B.Sc., A.O.S.M. (N.Z.), 

Formerly. Assist-Director, Thames School of Mines (N.Z.), and Lecturer in Chemistry, University 
of Tasmania ; Director of Queensland Government School of Mines, Charters Towers ; 

And CHAS. WALKER, F.C.8., 

konstrator in Chemistry, Sydney University ; 1 
and Metallurgy, Charters Towers School of Mines 

Part I. —Qualitative Analysis and Preparation and Properties of Oases. 
Past EL.— Qualitative and Quantitative Analysis. Part III. — Assaying, 
Technical Analysis (Gas, Water, Fuels, Oils, <kc. ). 

"The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying In Australia rests in competent hands."— Nature. 



Formerly AssisL-Demonstrator in Chemistry, Sydney University ; Lecturer n Chemistry 

- - - ■- - - ~ - f Ja 



In Crown 8vo, Beautifully Illustrated with nearly 100 
Microphotographs of Steel, &o. 7s. 6d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND & J. E. STEAD, F.R.S., F.LC. 

Contents. — Metallography considered as a method of Assay. — Micro- 
graphic Analysis of Carbon Steels. — Preparation of Specimens. — Polishing. 
— Constituents of Steel; Ferrite; Cementite; Pearlite; Sorbite; Martensite: 
Hardenite ; Troostite ; Austenite. — Identification of Constituents.— Detailed 
Examination of Carbon Steels. — Conclusions! Theoretical and .Practical. — 
Apparatus employed.— Appendix. 

"There has been no work previously published in English calculated to be so useful to 
the student in metallographlc research/'— Iron and Steel Trades' Journal. 



Third Edition. With Folding Plates and Many Illustrations. 36s. 



METALLURGY. 

A PRACTICAL TREATI8E ON THE ART OF EXTRACTING METAL8 

FROM THEIR 0RE8. 

By J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S., &o. 

And H. BAUERMAN, V.P.G.S. 

General Contents. —Refractory Materials.— Fire-Clays. — Fuels, Ac.— 
Alnmininm. — Copper. — Tin. — Antimony. — Arsenic. — Zinc. — Mercury. — 
Bismuth. -Lead.— Iron.— Cobalt— Nickel— Silver.— Gold.— Platinum. 

41 Of the Third Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted/'— Engineer. 

** A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Reference. . . . The Illustrations 
are admirable examples of Wood Engraving/' — Chemical News. 
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At Press. Second Edition, Revised Throughout and Enlarged. Re-set 
on Larger Page. With Valuable Bibliography y New Maps, 

Illustrations, 4c. 

PETROLEUM AND ITS PRODUCTS. 



By SIB BOVEBTOtf EEDWOOD, 

F.B.8.E., F.LO., Aflsoc.RO. 8., 

Hon. Oorr. Mem. of the Imperial Russian Technical Society: Mem. of the American Chemical 
Society ; Adviser to the Home Office and to the Corporation of London under the 

Petroleum Acta, Jtc., &c 



With Plates (One Coloured) and Illustrations. Price Ss. 6d. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engaged In the Storage, Transport, Distribution, and 

Industrial Use of Petroleum and Its Produots, and of Calcium 

Carbide. With suggestions on the Construction and 

Use of Mineral Oil Lamps. 

By CAPTAIN J. H. THOMSON, 

H.M. Chief Inspector of Explosives, 
Iaitd 

SIR BOVERTON REDWOOD, 

Author of " Petroleum and its Products." 

Covmhtb.— I. Introductory.— II. Sources of Supply.— IIL. Production.— IV. Chemical Pro- 
ducts, Shale Oil. and Coal Tar.— Y. Flash Point and Fire Test.— VL Testings.— VII. Existing 
Legislation relating to Petroleum. —VIII. — IX. —Precautions Necessary.— X. Petroleum 00 
Lamps.— XL Carbide of Calcium and Acetylene.— Appendices.— Ihdbx. 

" A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the industry. . . . Reliable, indispensable, a brilliant contribution."— 
Petroleum. 



OIL FUEL: 

TS SUPPLY, COMPOSITION, AND APPLICATION. 

By SIDNEY H. NORTH. 

{See page 29). 



THE PETROLEUM LAMP: Its Choice and Use. A Guide 

to the Safe Employment of Mineral Oil in what is commonly termed 
the Paraffin Lamp. By Capt. J. H. Thomson and Dr. Bovektok 
Redwood. Popular Edition, Illustrated, is. net. 

" The book contains a great deal of interesting reading, much of which is thoroughly practical 
and useful It is a work which will meet every purpose for which it has been written."— 
Petroleum. 
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(Stiffing metallurgical jSmis. 



STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine-Owners, Assayers, Manufacturers, 

and all Interested In the development of 

the Metallurgical Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

/* Large 8w, Handsome Cloth. With Illustrations. 



INTRODUCTION to the STUDY of METALLURGY. 

By the Editor. Fifth Edition. i8s. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. Kirkr Rose, 

D.Sc, Assoc R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fourth Edition. 21s. (Seep. 63.) 

LBAD AND SILVER (The Metallurgy of). By H. F. 

Collins, Assoc. R.S.M., M.Inst M.M. Part I., Lead, 16s; Fart 
II., Silver, 16s. (See p. 64.) 

IRON (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Second Edition, Revised. 16s. (See p. 65.) 

STEEL (The Metallurgy of). By F. W. Harbord, 

Assoc. R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Second Edition. 25s. net. (See 
p. 65.) 

WiU be Published at Short Intervals. 

METALLURGICAL MACHINERY : the Application ot 
Engineering to Metallurgical Problems. By Henb y Charles Jenkins, 
Wh.Sc., Ajssoc.R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. (See p. 64). 

ALLOYS. By the Editor. 

* # * Other Volumes in Preparation. 
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GRIFFIN'S METAIiLUBGIOAIj SERIES. 



Fifth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro- Photographic 

Plates of different varieties of Steel. 18s. 

An Introduction to the Study of 

HUE ET -A.HL. LTTIR, C3-"Y" . 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assaycr of the Royal Mint, and Professor of Metallurgy 

in the Royal College of Science. 

General Contents.— The Relation of Metallurgy to Chemistry.— Physical Properties 
of Metals.— Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
— Materials and Products of Metallurgical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces. — Thermo- Chemistry. — Topical Metallurgical Processes. — The Micro-Structure 
of Metals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 



Foubth Edition, Revised, Considerably Enlarged, and in part Re- written. 
With Frontispiece and numerous Illustrations. 21s. 

THE METALLURGY OF GOLD. 

BT 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M., 

Chemist and Assayer of the Royal Mint. 

Gxnbral Contents.— The Properties of Gold and its Alloys.— Chemistry of Gold.— 
Mode of Occurrence and Distribution.— Placer Mining.— Shallow Deposits. —Deep Placer 
Mining. — Quartz Crushing in the Stamp Battery. — Amalgamation. — Other Forms of 
Crashing and Amalgamating.— Concentration.— Stamp Battery Practice.— Chlorination: 
The Preparation of Ore.— The Vat Process.— The Barrel Process.— Chlorination Practice 
In Particular Mills.— The Cyanide Process.— Chemistry of the Process,— Pyritic Smelting. 
—The Refining and Parting of Gold Bullion— The Assay of Gold Ores.— The Assay of 
Bullion— Economic Considerations.— Bibliography. 

" A ooMFBBHzmvB FBAOTKUi. trkatisb on this important subject"— The Timet. 

''The most ooxpLXTB description of the chlohixatzoh fboobsb which has yet been pub- 
Ushed."- Jftftfo? Journal. 

''Adapted for all who are interested in the Gold Mining Industry, being free from tech- 
nicalities as far as possible, but is more particularly of value to those engaged In the 
industry.' —Cope Time*. 
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GBCTFIirS MSTAIiLUBOIOAI. SERIES. 

Edited by SIR W. ROBERTS-AUSTEN, K.C.R, F.R.S., D.C.L. 
In Large 8vo. Handsome Cloth. With Illustrations. 

In Two Volumes, Each Complete in Itself and Sold Separately. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, A8800.R.S.M., M.Inst.M.M. 

Part I.-L.EAD: 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price 16s. 

Summary of Contents.— Sampling and Assaying Lead and Silver.— Properties and 
Compounds of Lead.— Lead Ores.— Lead Smelting. — Beverberatories.— Lead Smelting in 
Hearths.— The Boasting of Lead Ores.— Blast Furnace Smelting; Principles, Practice, 
and Examples ; Products.— Flue Dust, its Composition, Collection and Treatment.— 
Costa and Losses, Purchase of Ores.— Treatment of Zinc, Lead Sulphides, Desilverisation, 
Softening and Refining.— The Pattlnson Process.— The Parkes Process.— Cupellation and 
Kenning, Ac., Ac. 

"A thoroughly sound and useful digest. May with EVERY CONFIDING! be 
recommended."— M ining Journal. 



Part II.-SILYER. 

Comprising Details regarding the Sources and Treatment of Silver 

Ores, together with Descriptions of Plant, Machinery, and Processes of 

Manufacture, Refining of Bullion, Cost of Working, Ac. Price 16s. 

Summary or Contrnts.— Properties of Silver and its Principal Compounds.— Silver 
res.— The Patio Process.— The Kazo, Fondon. Krdhnke, and Tina Processes.— The Pan 
Process.— Broast Amalgamation.— Treatment of Tailings and Concentration.— Retorting, 
Melting, and Assaying — Chloridising-Boasting.— The Augustin, Claudet, and Zlervogel 
Processes.— The Hypo-Sulphite Leaching Process.— Beflning.— Matte Smelting.— Pyritlc 
Smelting.— Matte Smelting in Reverberatorles.— Silver-Copper Smelting and Refining.— 
Index. 

" The author has focussed a large amount of valuable information Into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. '—Joining Journal. 



METALLURGICAL" MACBMRY : 

The Applloatlon of Engineering- to Metallurgical Problems. 

By HENRY CHARLES JENKINS, 

Wh.Sc. % Assoc. R.S M., Assoc. M.Inst.C.E. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S METALIiUBQIOAL 8EBIE8. 



JUST OUT. Second Edition, Revised. With Numerous Illustrations. 

Large 8vo. Handsome Cloth. 25s. net. 

With Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C., 

Consulting Metallurgist and Analytical Chemist to the Indian Government, 
Royal Indian Engineering College, Coopers Hill. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 

THE MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst.C.E. 

Abridged Coimurrs.— The Plant, Machinery, Methods and Chemistry of the Bessemer 
and of the Open Hearth Processes (Acid and Basic).— The Mecnanical Treatment of Steel 
comprising Mill Practice, Plant and Machinery. — The Influence of Metalloids, Heat 
Treatment, Special Steels, Mlorostraoture, Testing, and Specifications. 

" A work which we venture to commend as an invaluable compendium of Information upon 
the metallurgy of steeL "—Iron and Coal Trades' Review. 

The Engineer says, at the conclusion of a review of this book :— " We cannot conclude without 
earnestly recommending all who may be interested as makers or users of steel, which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 
as possible, and this may be the more easily done as the published price, considering the size 
of the book, is extremely moderate." 



Second Edition, Revised. Price 16a. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.I.O., 

Professor of Metallurgy in the University of Birmingham. 

Iv Labor 8vo, Handsome Cloth, With Numerous Illustrations 

(many from Photographs). 

Oeneral Contents.— Early History of Iron.— Modern History of Iron.— The Age of SteeL 
—Chief Iron Ores.— Preparation of Iron Ores.— The Blast Furnace.— The Air used in the 
Blast Furnace.— Reactions of the Blast Furnace.— The Fuel used in the Blast Furnace.— 
Blags and Fuzes of Iron Smelting.— Properties of Oast Iron.— Foundry Practice.— Wrought 
Iron.— Indirect Production of Wrought Iron.— The Puddling Process.— Further Treatment 
of Wrought Iron. - Corrosion of Iron and Steel. 

" A most y alu able SUMMARY of knowledge relating to every method and stage 
in the manufacture of cast and wrought iron . . . rich in chemical details. . . , 
Exhaustive and thoroughly up-to-date."— Bulletin of the American Iron 
and Steel Association. 

" This is a delightful book, giving, as it does, reliable information on a subject 
becoming every day more elaborate." — Colliery Guardian. 

"A thoroughly useful book, which brings the subject up to date. Of 
great value to those engaged in the iron industry." — Minmg Journal. 



%* For Professor Turner's Lectures on Iron-Founding, see page 68. 
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A TEXT-BOOK OF ASSAYING: 

For the use of Students^ Mine Managers, Aeeayers, do. 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, Cornwall. 

And C. BERINGER, F.C.S., 

L*te Chief Assayer to the Rio Unto Copper Company, London, 
With numerous Tables and Illustrations. Crown 8vo. Cloth, ios. 6cL 

Ninth Edition. 

Gbnkkal Contents, — Past I. — Introductory ; Manipulation : Sampling^; 
Drying ; Calculation of Results— Laboratory-books and Reports. Methods : Dry Gran- 
metric; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gasometrio— 
Weighing and Measuring — Reagents— Formulas, Equations, &c. — Specific Gravity. 

Pakt II.— Mbtals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismuth. Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, etc.— Earths, Alkalies. 

Past III.— Non-Mktals : Oxygen and Oxides ; The Halogens— Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen— Silicon, Carbon, Boron— Useful Tables. 

"A kbally meritorious work, that may be safely depended upon either for systematic 
instruction or for reference."— Nahtn. 

"This work is one of the best of its kind.*— Engineer. 

Third Edition, Revised. Handsome Cloth. With Numerous 

Illustrations. 6s. 

A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Inoluding the Author's Practical Laboratory Course. 
By A. HUMBOLDT SEXTON, F.I.C., F.O.S., 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College, 

GENERAL CONTENTS.— Introduction. —Properties of the Metals.— Combustion. 
—Fuels.— Refractory Materials. —Furnaces.— Occurrence of the Metals in Nature. — 
Preparation of the Ore for the Smelter.— Metallurgical Processes. — lion. — Steel. — 
Copper. — Lead.— Zinc and Tin. — Silver . —Gold. — Mercury. — Alloys. — Applications 
of ELBOTHiorrr to Metallurgy. — Laboratory Course. 

"Just the kind of work for Students oommbboihg the study of Metal- 
lurgy, or for EsoniBERDfO Students."— Practical Engineer. 
"Kxokllkwtlt got-up and well-arrakgkd."— Chemical Trade Journal. 

^ ^^— ^^-^— .^— ' ^ — 

In Large 8vo. Handsome Cloth. Price 4s. 

tables for 

QUANTITATIVE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

ON THE PRINCIPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.O.I. 

" The Author may be congratulated on the way his work has been oarrled out"— 
The Engineer. 

" will oomraro itself highly in Laboratory Praotioe. Its clbajutbss and pucwob 
mark the book out as a highly useful one."— Mining Journal. 
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ELECTRO-METALLURGY, ETG. 67 

Second Edition, Revised, Enlarged, and in part Re-written. 
With Additional Sections on Modern Theories of Electrolysis 

Costs, &c. Price 10s. 0<L 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art- Work, &o. 

BY 

WALTER G. M°MILLAN, F.I.C., F.C.S., 

Secretary to the Institution of Electrical Engineer*; late Lecturer in Metallurgy 

at Mason College, Birmingham. 

With numerous Illustrations. Large Crown 8vo. Cloth. 

" This excellent treatise, . . . one of the best and most complete 
manuals hitherto published on Electro-Metallurgy." — Electrical Review, 

" This work wiu be a standard."— Jeweller. 

"Any metallurgical process which reduces the cost of production 
must of necessity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the practical 
application of electrolytic processes. n — Nature. 



Second Edition, Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding-Plates. 21s. net 

ELECTRIC SMELTIM & REEDHM: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the " Elektbo-Mbtaixurgie " of Dr. W. BOUCHERS. 

Translated from the Latest German Edition by WALTER G. M'MILLAN, 

F.I.O., F.O.8. 

CONTENTS. 
Pabt I. — Alkalies and Alkaline Earth Metals: Magnesium, 
lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. — The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part IEL — The Heavy Metals : Copper,- Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" Comprehensive and authoritative ... not only full of valuable infor- 
mation, bat gives evidence of a thorough insight into the technical value and 
POSSTBiLinBS of all the methods discussed." — The Electrician. 

" Dr. B0ROHBR8' well-known work . . . must or necessity be acquired by 
every one interested in the subject. Excellently put into English with additional 
matter by Mr. McMillan."— Nature. 

" Will be of great service to the practical man and the Student."— Electric Smelting. 
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In Large 4to, Library Style. Beautifully Illustrated with SO Plate*, many 
in Colours, and 94 Figures in the Text. £2, 2s. net. 

PRECIOUS STONES : 

Their Properties, Occurrences, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 
Collectors and others interested in Gems. 

By Dr. MAX BAUER, 

Professor in the University of Marburg, 
Translated bt L. J. SPENCER, M.A. (Cantab.), F.G.S. 

Okmbral Contents.— General Properties of Gems: Their Natural Characters, 
Occurrence, Application, and Uses.— Detailed Description of Particular Gems: The 
Diamond, Babies, Sapphires ; Emeralds, Tourmalines, and Opals ; Felspars, Amphlboles, 
Malachite.— Non-mineral Gems: Amber, <fec.— Optical Features, Transparency, Trans- 
lucency, Opacity, Refraction and Dispersion, <fec.— Appendix : Pearls ; Coral 

" The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone is a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers' 
window."— Athenaeum. 

" The work is one to be recommended to every jeweller."— The Jeweller? Circular. 



In Large Crown 8vo. With Numerous Illustrations. 8s. 6d. 

The Art of the Goldsmith and Jeweller 

A Manual on the Manipulation of Gold and the Manu- 
facture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Association Technical 

School, Birmingham. 

ASSISTED BT 

J. H. 8TANSBIE, B.Sc. (Lond.), F.I.O., 

Lecturer at the Birmingham Municipal Technical School. 

General Contents.— Introduction.— The Ancient Goldsmith's Art.— Metallurgy of 
Gold.— Prices, &c.— Alloys.— Melting, Boiling, and Slitting Gold.— The workshop and 
Tools.— Wire Drawing. — Rings. — Chains and Insignia. —Antique Jewellery and its 
RevivaL— Etruscan Work.— Prwjious Stones.— Cutting.— Polishing and Finishing.— 
Chasing, Embossing, and Repousse' Work.— Colouring and Finishing.— Enamelling.— 
Engraving.— Moulding and Casting Ornaments, Ac — Fluxes. Ac. — Recovery of the 
Precious Metals.— Refining and Assaying. — Gilding and Electro Deposition.— Hall 
Marking.— Miscellaneous.— Appendix. 



Extra Crown 8w. With 48 Illustrations. 3s. Qd. net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birmingham 

Contents.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro 
duction.— Iron Ores.— Composition.— The Blast Furnace.— Materials.— Reactions. — 
Grading Pig Iron. — Carbon. Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.— The Foundry.— General Arrangement.— Re-melting 
Cast Iron. — The Cupola. — Fuel Used.— Changes due to Re-melting.— Moulds ana 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Size on Strength of Castings.— Tests. 

" Ironfounders will find much Information in the book."— iron Trade Circular 
{Ryland's). 
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Prof. Humboldt Sexton, 

Blount and Bloiam, . 
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H. D. Richmond, 
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Dr. G. Reid, 
P. Wood, . 
Lafar and Salter, 
C. Oppenheimer, 



Inorganic Chemistry, 
Quantitative Analysis, . 
Qualitative „ 

Chemistry for Engineers, 

„ „ Manufacturers, 
Foods, Analysis of, . 
Poisons, Detection of, 
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Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY 

BY 

A. DUPRri, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 



"A watt-written, dear and accurate Elementary Manual of Inorganic Chemistry. . . 
We agree heartily with the system adopted by Drs. Dupes' and Hake. Will max* Exrai- 



TAL WoiJC TBBBLY IMTBRS3TING BSCAUSB IKTKLUGIBLa."— So ttHtlaj RgvitW. 

"There is no question that, given the marncr gkoumdimg of the Student in his 
the remainder comes afterwards to him in a manner much more simple and easily acquired 
The work is am bxamplb or ths advahtagbs or thb Systematic Tsbatmbht of a 
Science orer the fragmentary style so generally followed. By a long way Tun ansr of the 
■nail Manuals for Students. — Anoint. 



LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON, 

P ro f e ss or of Metallurgy In the Glasgow and West of Sootland Teohnleal OoUege. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDENTS. 

With Illustrations. Fourth Edition. Grown 8vo, Cloth, 3s. 

" A oomfaot LABORATOBT otjxdb for beginners wsj wanted, and the want has 
been wkll suffukd. ... A good and useful book."— Xoactt. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDENTS, 

With Illustrations. Fourth Edition, Revised. Crown 8vo, Cloth, Ss. 6d. 

" The work of a thoroughly practical chemist"— BritoA Medical Journal. 
Compiled with great care, and will supply a want,"— Journal of Education. 



M 



ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. With many 

Illustrations. [See p. 66* 

Third Edition, Revised. Crown 8vo. Cloth, 6a. 

" Just the kind of work for students oommencing the study of metallurgy. — 
Practical Engineer. 
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"The author* hare soocbbdbd beyond all expectations, and hare produced a work which 
ahotild give vrsbh rowia to the Engineer and Manufacturer."— The Times. 

In Two Vols., Large 8vo. With Illustrations. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.C., <fc A. G. BLOXAM, P.I.O. 

I* Price XOau M. 



CHEMISTRY OP ENGINEERING, BUILDING, AND 

METALLURGY. 

General Contents.— INTRODUCTION— Chemistry of the Chief Material! 
of Construction— Sources of Energy— Chemistry of Steam-raising— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used In the 
Winning and Manufacture of Metals. 

YOXjUBbTJED II* Price 16au 

JUST OUT. Second Edition, Thoroughly Revised. 

THE CHEMISTRY OP MANUFACTURING 

PROCESSES. 

General Content*.— Sulphuric Add Manufacture— Alkali, eta— Destructive 
Distillation -Artificial Manure— Petroleum— Lime and Cement— Clay and 
Glass — Sugar and Starch — Brewing and Distilling — Oils, Resins, and 
Varnishes— Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Glue, and Size — Explosives and Matches — Minor 
Manufactures. 

44 Certainly a good and ussful book, constituting a fbaotioal euros for students by 
affording a olear conception of the numerous processes aa a whole."— Chemical Trad* 
Journal. 

Second Edition. In Large 8vo. Handsome Cloth. With 800 pages 

and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PR0PERTIE8, AND MANUFACTURE THERE- 
FROM OF CANDLE8, 80AP8, AND OTHER PR0DUCT8. 

By C R. ALDER WRIGHT, D.Sc, F.R.S., 

Lata Lecturer on Chemistry, St. Mary's Hospital Medical School ; »■— miii— i 
in " Soap" to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, M.A., F.I.C. 

"Will be found absolutely indispensable."— Tk* Analyst. 
"Will rank as the Standard English Authority on Oils and Fats for many 
yean to come." — Industrie* and Iron. 
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Fifth Edition, Thoroughly Revised, Greatly Enlarged and Re-written. 
With additional Tables, Plates, and Illustration*. 21s. 

POODS; 

THEIR COMPOSITION AND ANALYSIS. 

By A. WYNTER BLYTH, M.R.C.S., F.IO., F.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Offloer of Health for St. Marylebone. 

Akd M. WYNTER BLYTH, B.A., B.So., F.C.S. 

General Contents. — History of Adulteration. — Legislation. — Ap- 
paratus. — " Ash." — Sugar. —Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits.— Starches. — Wheaten-Flour. — Bread. — Oats. — 
Barley. — Rye. — Rice. — Maize. — Millet. — Potatoes. — Peas. — Lentils. — 
Beans. — Milk. — Cream. — Butter. — Oleo-Margarine. — Cheese. — Lard. — 
Tea. — Coffee. — Cocoa and Chocolate. — Alcohol. — Brandy. — Rum. — 
Whisky. —Gin. — Arrack. —Liqueurs. — Absinthe. — Yeast. — Beer. — Wine. 
— Vinegar. — Lemon and lime Juice. — Mustard. — Pepper.— Sweet and 
Bitter Almonds. — Annatto. —Olive Oil. —Water Analysis.— Appendix : 
Adulteration Acts, Jfcc. 

" Simply urDuniuiLi In the Analyst's laboratory."— Tat Lame*. 
u A new edition of Mr. Wynter Birth's Standard work, kmuobkd with all th» ugbr 
duoovkbixs aht> mPBOVsuBTS, win be accepted as a boon. "—CatmfeaJ New. 



Third Edition. In Large 8vo, Cloth, with Tables and Illustrations. 

Price 21s. 

POISONS: 

THEIR EFFECTS AND DETECTION. 

By A. WYNTER BLYTH, M.R.O.S., F.I.C., P.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Offloer of Health for St Marylebone. 

GENERAL CONTENTS. 

I.— Historical Introduction. II.— Classification— Statistics— Connection 
be twe en Toxio Action and Chemical Composition — Life Tests— General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. III.— Poisonous Gases. IV. — Acids and Alkalies. V. — More 
or less Volatile Poiso nou s Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substanoes. VHL — The Oxalic Acid Group. IX— Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 
" Undoubtedly no most oomplsm won on Toxicology In our languajwu"— ITU jtnslsjst /on 

M As a nuioncAL suids, we know ho situs work."— The Lancet (on the Third EMUom). 

V In the Thud Sditioi, Salaried and partly Re-written, Nsw Analytical MiraoM have 
been Introduced, and the Cadatbeio Alkaloids, or Ptomaiwss, bodies playing so great a oart In 
food-poisoning end in the Manifestations of Disease, have reoeired speelal attention. 
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With Numerous Tables, and 22 Illustrations. 16s. 

DAIRY CHEMISTRY 

OR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. DROOP RICHMOND, F.C.S., 

CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

Contents. — I. Introductory. — The Constituents of Milk. II. The Analysis of 
1:1k. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
V. The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 

■/I. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 

than the Cow. — Appendices. -r-Tables. — Index. 

" . . . In our opinion the book is the best contribution om nts subject that 
•{as yet appeared in the English language."— Lancet. 



Just Out. Fully Illustrated. With Photographs of Various Breeds 

of Cattle, &c. 6s. net. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattle, and on the 

Hygiene and Control of Supplies. 

By EDWARD F. WILLOTJGHBY, 

M.D. (Lond.), D.P.H. (Lond. and Camb.), 
Inspector of Farms and General Scientific Adviser to Welford and Sons, Ltd. 

" A good Investment to those in the least interested in dairying. Excellently bound ; 
printed on rood paper, and well illustrated, running to 259 pages, the purchaser gets at 
the price of a novel a work which will stand good as a work of reference for some years 
to come."— Agrieult. Gazette. 

"We cordially recommend it to everyone who has anything at all to do with milk."— 
Dairy World. 

Just Ready. In Crown 8vo, Fully Illustrated. 
THE LABORATORY BOOK OF 

DAIRY ANALYSIS. 

By H. DROOP RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., Ltd. 
Contents. — Composition of Milk and its Products. — Analysis of Milk. — 
Analysis of Liquid Products. — Application of Analysis to the Solution of 
Problems.— The Analysis of Butter. — Analysis of Cheese.— Tables for Calcu- 
lation. — Standard Solutions. — Index. 



In Large 8vo. Handsome Cloth. 

AGRICULTURAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE U8E OF AGRICULTURAL 8TUDENT8. 
By J. M. H. MUNRO, D.Sa, F.I.O., F.C.S., 

Professor of Chemistry, Down*'*- /*-»— of Agriculture, 

[In Preparation. 

LONDON: GHARLE8 GRIFFIN <ft GO TREET, 8TRAND. 
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Crown 8vo, Handsome Cloth. Fully Illustrated, ios. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A Practical Handbook for Medical Men, Analysts, Inspectors and others. 

By C. AINSWORTH MITCHELL, B.A.(Oxon), 

Fellow of the Institute of Chemistry; Member of Council* Society of Public Analysts. 

With Numerous Tables, Illustrations, and a Coloured Plate. 

Contents. — Structure and Chemical Composition of Muscular Fibre. — of 
Connective Tissue, and Blood.— The Flesh of Different Animals.— The Examina- 
tion of Flesh.— Methods of Examining Animal Fat.— The Preservation of Flesh. 
— Composition and Analysis of Sausages. — Proteids of Flesh. — Meat Extracts and 
Flesh Peptones.— The Cooking of Flesh.— Poisonous Flesh.— The Animal Para- 
sites of Flesh.— The Bacteriological Examination of Flesh.— The Extraction and 
Separation of Ptomaines. — Index. 

" A compilation which wU be most useful for the class for whom it is Intended.**— At kt m mum . 
M A book which no OWB whose duties involve considerations of food supply CAN AFFORD TO BB 
WITHOUT.' — Municipal JturmaL 



In Large 8vo. Handsome Cloth. With numerous Illustrations. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

THE UTILISATION OF MICRO-ORGANISMS IN THE 

ARTS AND MANUFACTURES. 

A Practical Handbook on Fermentation and Fermentatloe Processes for the Use of 

Brewers and Distillers, Analysts, Technical and Agricultural Chemists, 

and all Interested In the Industries dependent on Fermentation. 

By Dr. FRANZ LAFAR, 

Professor of Fermentation-Physiology and [Bacteriology In the Technical 

High School, Vienna. 

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the 

Carlsberg Laboratory, Copenhagen. 

Translated bt CHARLES T. C. SALTER. 

VoL L-SCHIZOMYCHTIC FERMENTATION. 150. 

Including the Theory of Fermentation, the Principles of Sterilisation, and Pure 

Culture Processes. 

VoL IL, Part L-EUMYCETIC FERMENTATION. 7s. 6d. 

The Morphology, Chemistry Physiology, and Fermentative Processes of the JSumycetes, 

Zygomycetes, and Saccharomycetes. 

44 The first work of the kind which can lay claim to completeness in the treatment of 
a fascinating subject The plan la admirable, the classification simple, the style la good, 
and the tendency of the whole volume is to oonvey sore information to the reader."— 



%* The publishers trust that before long they will be able to present English readers 
with the whole of the second volume, arrangements having been ooncluded whereby, upon 
its appea ra nce in Germany, the English translation will be at once put in hand. This Is now 
being done with Part I., which will be Issued shortly, and which will be followed by the 
two Anal parts. 

LONDON : CHARLE8 GRIFFIN « CO., LIMITED, EXETER 8TREET, 8TRAND 
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in Crown 8vo, Handsome Cloth. Price 7b. 6d. net. 

FERMENTS 

XKD THEIR ACTIONS. 

A Text-book on the Chemistry and Physics of Fermentative Changes, 
By CARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

Abridged Contkn th.— Introduction. — Definition.— Chemical Nature of Ferments.— 
Influence of External Factors.— Mode of Action. — Physiological Action.— Secretion. — 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacteriolytic 
and Hsunolytic Ferments.— Vegetable Ferments.— Coagulating Ferments.— Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Gluooside*.— Hydrolytlo Ferments.— Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography.— Indml 

" Such a veritable mmltum in parvo has never yet appeared. The author has set himself 
the task of writing a work on Ferments that should embrace human erudition on die 
subject "—Brewers Journal. 

Crown 8vo. Handsome Cloth. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINE AND ANTI-TOXINE. 

By CARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 
Translated from the German by 

C. AINSWORTH MITCHELL, M.A., F.I.C., F.C.S. 

'With Notes and Additions by the Author, since the publication of the German Edition. 

Deals with the theory of Bacterial; Animal, and Vegetable Toxinet, tueh a§ 

Tuberculin, Bxcin, Cobra Poiton, <fcc 

Bacteriologists, Medical Students, and Scientific Workers will find this book 

most valuable. 



Third Edition. In Handsome Cloth. Fully Illustrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 
Revised by ARTHUR R. LING, F.I.C., F.C.S., 

Editor of the Journal of the Institute of Brewing. 



In Crown 8vo. Handsome Cloth. 
A PRACTICAL LABORATORY,. HANDBOOK ON 

THE BACTERIOLOGY OF BREWING. 

By WALTER A. RILEY, F.C.S. 

Abkidgbd Cohtonts. — Laboratory Handbook and Apparatus. — Sterilisation. — 
Nutritive Liquids. — Microscope, Reagents, Ac — Methods of Analysis. — Practical 
Methods, including the use of " Brettanomyces," Cider and Wine Fermentations- 
Determining Races of Yeasts, Ac.— Practical Notes on Yeast. 

LONDON : CHARLE8 8RIFFIN A CO., LIMITED, EXETER STREET, 8TRAMD. 
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Second Edition, Revised and Enlarged. 
With Tables, Illustrations in the Text, and 37 Lithographic Plates. Mediant 

8vo. Handsome Cloth. 30s. 

SEWAGE DISPOSAL WORKS: 

A Guide to the Construction of Works for the Prevention of the- 
Pollution by Sewage of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.CE., F.G.S., 

Late Assistant-Engineer, London County C ouncil 

"Probably the most computs amd bbst tuatisb on the subject which has appeared 
in our language Will prove of the greatest use to all who have the proUemfof 

Sewage Disposal to (ace."— Edinburgh Medical Journal. 



Beautifully Illustrated, with Numerous Plates, Diagrams, and 

Figures in the Text. 91s. net 

TRADES' WASTE: 

ITS TREATMENT AND UTILISATION. 
A Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A. M.Inst.CE., 

Ohief Inspector of Rivers, Kibble Joint Committee. 

Contents.— I. Introduction. — II. Chemical Engineering.— IIL— Wool De-greasing 
and Grease Recovery .—IV. Textile Industries; Calico Bleaching and Dyeing.— V. Dyeing 
and Callcc-Printing.— VI. Tanning and Fellmongery.— VII. Brewery and Distillery 
Waste.— Yin. Paper Mill Refuse.— IX. General Trades' Waste.— Index. 

11 There Is probably no person in England to-day better fitted to deal rationally with 
such a subject."— British Sanitarian. 

** Tbe work is thoroughly practical, and will serve as a handbook in the future for those 
who have to encounter the problems discussed."— Chemical Trade Journal. 



Now Ready. In Handsome Cloth. With 59 Illustrations. 6s. net. 



A Manual for the Use of Manufacturers, Inspectors, Medical Officers 'of 

Health, Engineers, and Others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 

Contents.— Introduction. — General Legislation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Furnaces, 
and Kilus. — Private Dwelling-House Smoke. — Chimneys and their Construction.— 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Summary and Conclusions.— Index. 



Second Edition. In Medium Svo. Thoroughly Revised and Re- Written. 

15s. net. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND U8E8. 

IKTltlK mbm Ramitrlu upon Cunaat V«a«lntf. 

By GILBERT R. REDGRAVE, Assoc Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

" Istaluablb to the Student, Architect, and Engineer. "—Building Ntw*. 

" Will be useful to all interested In the mahutaotuu, nam, and nama of Oementa."— 

LONDON: CHARLE8 GRIFFIN ft CO., LIMITED, EXETER 8TREET, 8TRAND. 



CHEMISTRY AND TECHNOLOGY. 77 

With Four Folding Plates and Numerous Illustrations. Large 8vo. 

8s. 6d. net. 

WATER SUPPLY: 

A Practical Treatise on the Selection of Sources and the Distribution of Water. 
By REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Meoh.E., F.8.I. 

Abbidgbd Contents.— Introductory.— Requirement* as to Quality.— Requirement* 
ai to Quantity.— Storage Reservoirs.— Purification.— Service Reservoirs. — The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
Requirements. 

"As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf."— Practiced Engineer. 



Third Edition, Revised. Fully Illustrated. In Two Volumes. 

Volume I. Price 7s. 6d. net. 
vv II.— Ready Shortly. 

THE CHEMISTRY OF 



A Hand-Book on the Production, Purification, and Testing of Illuminating 
Qas, and the Assay of the Bye-Products of Gas manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 

Formerly Head Chemist. Oss Works, Beekton, London. E. 
" The best work of its kind which we have ever had the pleasure of re- 
viewing." — Journal of Gas Lighting. 



With Diagrams and Illustrations. 5s. net. 

ACETYLENE: 

THE PRINCIPLES OF ITS GENERATION AND USE. 

By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S. 

Consulting Chemist, Author of " The Chemistry of Gas Manufacture." 
" Brimful of information."— Chem. Trade Journal. 

"We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods 
procedure, and to the student as a safe and certain guide."— Acetylene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, lnoestigatlon f and Preoention of Fires and Explosions. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 
By C. T. C. SALTER. 

Abbbidobd General Contents.— Fires and Explosions of a General Character — 
Dangers arising from Sources of Light and Heat— Dangerous Oases.— Risks Attending 
Special Industries. — Materials Employed. — Agricultural Products.— Fats, Oils, and 
Resins.— Mineral Oils and Tar.— Alcohol, <fec— Metala, Oxides, Acids, Ac.— Lightning - 
Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindred 
topics."— Fire and Water. 

"A complete and useful survey of a subject of wide interest and vital importance."— 
OH omd Colourman's Journal. 



LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAN9. 
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Twelfth Edition, Revised and Enlarged. Price 6s. 

PRACTICAL SANITATION: 

4 HAND-BOOK FOR SANITARY INSPECTORS AMD OTHERS 

INTERESTED IN 8ANITAT10N. 

By GEORGE REID, M.D., D.P.H., 

Feliow, Menu Council, and Examiner, Sanitary Institute of Groat Br itai n * 
mnd Medical Officer to the Staffiordehire County Council 

TWUtb an BppenMi on Sanftarg Xaw» 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for tkt County Borough of Wett Bromwich. 

General Contents.— Introduction— Water Supply: Drinking Water, 
Pollution of Water— Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers Work — House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac- 
teristics of Good Meat; Meat, Milk, Fish, &c, unfit for Human Food- 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr. Reid's very useful Manual . . . ABOUNDS IN PRACTICAL detail. M 
—British Medical Journal. 

"A very useful Handbook, with a very useful Appendix. We recommend 
h not only to Sanitary Inspectors, but to Householders and all interested 
In Sanitary matters." — Sanitary Record, 



COMPANION VOLUME TO REID'S SANITATION. 

In Crown 8vo. Handsome Cloth. Profusely Illustrated. 8s. 6d. net. 

Sanitary Engineering: 

A Practical Manual of Town Drainage and 8eivage and Refuse Disposal. 

Per Sanitary Authorttfea, engineers. Inspectors, Arshrtssts, 
Oenti aotot i, and Students* 

BY 

FRANCIS WOOD, A.M.Inst.GE., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 



GENERAL CONTENTS. 

Introduction. — Hydraulics.— Velocity of Water in Pipes.— Earth IV e ssu i'c s and 
Walls. — Powers. — House Drainage. --Land Drainage. — Sewers. — Separate System. — Sewage 
Pumping. — Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, ftc — Trade Refuse.— 
Sewage Disposal Work*.— Bacteriolysis.— Sludge Disposal.— Construction and Cleansing 
of Sewers. — Refuse Disposal. — Chimneys and Foundations. 



"The volume bristles with information which will be greedily read by those fax need of assistance. The 
book is one that ought to be ou the bookshelves of EVERY PRACTICAL ENGINEER,*— v£««*tary y&ttmat, 

" A veritable POCKET COMPENDIUM of Sanitary Engineering. ... A work which may, m 
many respects, be considered as COMPLETE . . , COMMENDABLY CAUTIOUS . . . OCTBRBSTING 
. . . SUGGESTIVE."— Public Health S nginttr, 

LONDON : CHARLES GRIFFIN A CO., LIMITED. EXETER 8TREET, 8TRAND. 
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Vol. I. Now Ready. In Half Morocco, 24s. net. 

In Two Volumes, each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Volume I.— Chemical Engineering, Physical Chemistry. 
Volume II.— Chemical Physics, Pure and Analytical Chemistry. 

[Shortly. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 

Metallurgy at the Finsbury Technical College. 

Hie Tables may almost claim to be exhaustive, and embody and collate all the most 
recent data established by experimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as possible all rules and tablks required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c, &c- ; and also the prin- 
cipal data in Thkrmo-Chkmistry, Elbctro-Chrmistry, and the various branches of 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 



In Large 8vo. Handsome Cloth, Beautifully Illustrated. With 
Plates and Figures in the Text. 21a. 

Road Making and Maintenance: 

A PBAOTIOAIi TBEATISE FOB ENQINEEBS, 

SUBVEYOBS, AND OTHEBS, 

With an Historical Sketch or Ancient and Modern Practice. 

By THOS. AITKEN, Assoc.M.Inst.O.E., 

Member of the Association of Hnnioipal and Oounty Engineers ; Member of the Sanitary 
Inst ; Surveyor to the Oounty Oounotl of Fife. Oupar Division. 

WITH NUMER0U8 PLATE8, DIAGRAM 8, AND ILLU8TRATI0N8. 

Contents. — Historical Sketch. — Resistance of Traction. — Laying out 
New Beads. — Earthworks, Drainage, and Retaining Walls. — Koad 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage. — Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads. — Carriage Ways and Foot Ways. 

"The Literary style Is xxgbuiht. . . . A ooicpaiHimivi and bxcillmt Modern Book, an 
ur-vo-PAn work. . . . Should be on the reference shelf of every Municipal and Oounty 
Engineer or Surveyor In the United Kingdom, and of every Colonial Engineer."— Th* Surveyor* 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER 8TREET, 8TRAN0. 
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Third Edition, Revised and Enlarged With Illustrations. 12s. 6d. 

Painters' 
Colours, Oils, & Varnishes: 

A PRACTICAL MANUAL. 

Bv GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Painters 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

General Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black— Lakes — Colour and Paint Machinery— Paint Vehicles' 
(Oils, Turpentine, &c, Ac. )— Driers— Varnishes. 

" A thoroughly practical book, ... the only English work that satisfactorily 
treats of the manufacture of oils, colours, and pigments."— Chemical Trad*? Journal 

%* For Mr. Hurst's Garment Dyeing and Cleaning, see p. 84. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTERS LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S., M.S.C.I. 

Abstract of Contbnts. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Vamishes. — Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

This Work has been designed by the Author for the Laboratory of the Technical School, and 
9/ the Paint and Colour Works, and for all interested or engaged in these industries. 

"This excellent handbook, . . . the model of what a handbook should be."— Oils, 
Colours, and Drysalteries. 



Second Edition, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEAROE, 

LBOTUaXR AT THE HAVOBR6TRB TSGHXIGAL SCHOOL FOR HOUBK-PAJHTINQ AND DBOOsUTDTO 

GENERAL CONTENTS. 
Introduction — Workshop and Stores— Plant and Appliances — Brushes and 
Tools— Materials : Pigments, Driers, Painters' Oils— Wall Hangings— Paper 
Hanging— Colour Mixing— Distempering — Plain Painting — Staining— Varnish 
and varnishing — Imitative Painting — Graining — Marbling — Gilding — Sign- 
Writing and Lettering— Decoration : General Principles— Decoration in Dis- 
temper — Painted Decoration — Relievo Decoration — Colour — Measuring and 
Estimating— Coach-Painting — Ship-Painting. 

"A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRACTICAL INFOR- 
MATION in a clear and concise form."— Plumber and Decorator. 

" A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

complete that it would be difficult to imagine how anything further could be 
added about the Painter's craft" — Builder* Journal. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER 8TREET, STRAND. 
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In Large 8vo. Handsome Cloth. With 4 Plates and Several 

Illustrations. 1 6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemical and 

Physical Examination, and the Determination and 

Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation. 

By CARL OTTO WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete ritumi of erery thing known on the subject." — India-rubber Journal* 



Just Out. In Large Crown 8vo. Fully Illustrated. 

GLUE, GELATINE, 

AND THEIR ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents.— Historical. — Gluk.— Gelatine.— Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c — Uses 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
Appendix.— Index. 

In Large Crown 8vo, Handsome Cloth. Fully Illustrated. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES, 

AND CHEMICAL CONSTITUENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

With Selected Tables fop Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

Contents.— Introduction.— Technical Difficulties relating to Paper.— The Manufacture 
of Rag Paper, Hand-made, Machine-made ; Esparto Papers ; Chemical Wood Pulp ; Me- 
chanical Wood Pulp ; Wood Pulp Papers ; Art Papers ; Hemp, Jute, and other Papers.— 
The Physical Qualities of Paper: Weight, Thickness, Strength, Elasticity, &c— The 
Chemical Constituents of Paper : Clay, Pearl Hardening, Gelatine, Casein. Rosin, Alum, 
Starch, Pigments, Aniline Dyes, Ac— Chemical Analysis of Paper.— Microscopical Analy- 
sis.— Conditions Affecting Quality.— "C.B.S. Units.*— Vegetable Fibres used in Paper- 
making.— Chemical and Physical Characteristics of Fibres.— Cellulose.— Statistics relating 
to Paper.— Tables.— Bibliography.— Index. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OP INK. 

A Handbook of the Production and Properties of Printing, 

Writing, and Copying Inks. 

By C. A. MITCHELL, M.A., F.I.C., and T. C. HEPWORTH. 

Gbnbral Contents.— Historical.— Inks and their Manufacture.— Writing Inks.— 
Carbon and Carbonaceous Inks.— Tannin Materials for Ink.— Nature of Inks.— Manufacture 
of Iron Gall Ink. — Logwood, Vanadium, and 'Aniline Black inks. — Coloured Inks.— 
Examination of Writing Inks. — Printing Inks. — Early Methods of Manufacture- 
Manufacture of Varnish Inks.— Preparation and Incorporation of the Pigment— Coloured 
Printing Inks.— Copying Inks. Marking Inks.— Natural Vegetable Inks.— Safety Inks 
and Papers. — Sympathetic Inks. — Ink Powders and Tablets. — Appendices. — Patent 
Specifications, &c. 

"Thoroughly well arranged . . . and of a genuinely practical order."— British Printer . 

LONDON : CHARLE8 GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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Second Edition, Thoroughly Revised Throughout, In Two Large 

Volume*. Handsome Cloth. 

A MANUAL OP DYEING; 

FOR THE USE OF PRACTICAL DYER8, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

B. KNECHT, Ph.D., F.LC, CHR. RAWSON, F.LC., F.C.S.. 

K*»4 <rf th« Cbamictry and Dyeing Department of Late Head of the Chemistry mmI Djrtlag Dapsrtmsnt 
tlM TsoBBloal School, Manchester: Alitor of "The of the Teohnioei College, Bradford : Member • 
Jewnal of the Society of Dyan and Colonrlsta;* Council of the Bodety of Dyer* and ColoorietT) 

And RICHARD LOEWENTHAL, Ph.D. 

General Contents.— Chemical Technology of the Textile Fabrics- 
Water— Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters— Artificial Organio Colouring Matters— Mineral Colours 
—Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, etc., Ate. 

" This authoritative aod exhaustive work ... the most complete we have yet seen 
on the subject"— Textile Manufacturer. 



JUST OUT. In Large 8vo, Handsome Cloth. Pp. i-xv+405. 16s.net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and Tubingen), 

Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), 
Lecturer on Colouring Hatters in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 



Companion Volume to Knecht <£• Rawsoris " Dyeing. " In Large 8vo. 
Handsome Cloth, Library Style. 16s. net. 

A DICTIONARY OP 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formula, Properties, and Applications of the various substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.C., F.C.S., 

Consulting Chemist to the Behar Indigo Planters' Association ; Co-Author of "A Manual 

of Dyeing ; " 

WALTER M. GARDNER, P.C.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ; 
Editor of the " Journ. Soc. Dyers and Colourists ; " 

And W. F. LAYCOCK, Ph.D., F.C.S., 

Analytical and Consulting Chemist 
" Turn to the book as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found. The authors have apparently left nothing out" 
—Textile Mercury. 

LONDON: CHARLE8 GRIFFIN 4 CO., LIMITED, EXETER 8TREET, 8TRAN0. 



THE TEXTILE INDUSTRIE8. 83 

Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

-^ 16s. net. 

THE SPINNING AND TWISTING OF LONG 

VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Belfast and Lille, 

General Contents.— Long Vegetable Fibres of Commerce.— Rise and Growth of 
the Spinning Industry.— Baw Fibre Markets.— Purchasing Baw Material.— Storing and 
Preliminary Operations.— Hackling.— Sorting.— Preparing.— Tow Carding and Mixing.— 
Tow Combing— Gill Spinning.— The Boring Frame.— Dry and Demi-sec Spinning.— wet 
Spinning.— Spinning Waste.— Yarn Keeling.— Manufacture of Threads, Twines, and 
Cords.— Rope Making.— The Mechanical Department.— Modern Mill Construction.— 
Steam and water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 
senting up-to-date practice."— Nature. 



In Large 8tw>, Handsome Cloth, with Numerous Illustrations, 9s. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Lecturer on Botany at tbe Ashton Municipal Technical School, Lecturer on Cotton 
Spinning at the Chorley Science and Art School, Ac. 

With Numerous Photo Engravings from Nature. 

u Useful Ibfobmatiox. . . . Admirable Illustrations. . . . The information 
is not easily attainable, and in Its present convenient form will be valuable."— Textile 
Recorder. 

In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 

TEXTILE PRINTING: 

A PRACTICAL MANUAL. 
Including the Processes Used in the Printing of 
COTTON, -WOOLLEN, SILK, and HALF- 
SILK FABBICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. Boc. of Chemical Industries; late Lecturer at the Municipal Technical School, 

Manchester. 

Gknxbal Contents. — Introduction. — The Machinery Used in Textile 
Printing.— Thickeners and Mordants. — The Printing of Cotton Goods. — The 
Steam Style. — Colours Produced Directly on the Fibre.— Dyed Styles. — 
Padding Style.— Resist and Discharge Styles.— The Printing of Compound 
Colourings, ftc.— The Printing of Woollen Goods.— The Printing of Silk 
Goods.— Practical Recipes for Printing.— Useful Tables.— Patterns. 

By fas the sir and moht pbaotical book on textile PBnrmro which has yet been 



brought out, and will long remain the standard work on the subject. It Is essentially 
practical In character."— Textile Mercury. 

" The most peaotioal manual of textile panrrnfa which has yet appeared. We bars 
no hesitation in recommending it."— The Textile Manufacturer. 

LONDON : CHARLE8 GRIFFIN 4 CO.. LIMITED, EXETER STREET, 8TRAND. 



84 CHARLES ORIFFIN A CO.'S PUBLICATIONS. 

Large 8vo. Handsome Cloth. 12*. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practiced Men. 

By GEORGE DUERR, 

Director of the Bleaching, Dyeing* and Printing Department at the Aecrlngton and Baeap 
Technical School! ; Chemist and Oolourist at the Inreil Print Works. 

Assisted bt WILLIAM TURNBULL 

(of Turnbull * Stockdale, Limited). 

'With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Composition of; Bleaching, New 
.Processes; Printing, Hand-Block; Flat-Press Work; Machine Printing— 
Mordants— Styles or Calico-Printixg : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c — Thickeners — Natural Organio Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
• Colours — Coal Tar Colours— Dyeing — Water, Softening of —Theory of Colours 
— Weights and Measures, Ac 

" When a ibadt way oat of a difficulty la wanted, It is books iikb this that It la found."— 
Textile Recorder. 

"Mr. Dusaa's work will be found most usbful. . . . The Information given la of oaSAff 
vai.ua . . . The Beclpea are thobopghit practical."— TtaatUe Mem% toet *rtr. 



Second Edition. Revised and Enlarged. With Numerous 

Illustrations. 4s. 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Men. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

General Contents.— Technology of the Textile Fibres— Garment Cleaning 
—Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Dyeing of Skin Rugs ana Mats — Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing— Glossary of Drugs 
and Chemicals— Useful Tables. 

" An up-todatk hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important work, the more so that several of the branches of 
' the craft here treated upon are almost entirely without English Manuals for the guidance 
of workers. The price brings it within the reach of all."— Dyer and Calico-Printer. 

" Mr. Hurst's wore decidbdly fills a want . . . ought to be in the hands of 
CVBRV garment dysr and cleaner in the Kingdom" — Textile Mercury. 

LONDON : CHARLE8 GRIFFIN 4 CO., LIMITED, EXETER 8TREET. 8TRAND. 



INTRODUCTORY SGIENOE SERIES. 85 



"Boy* COULD HOT HATS A MOEB ALLURING INTRODUCTION to Scientific pursuits 

than these channing-looking volumes."— Letter to the Publishers from the Head- 
master of one of our great Public Schools. 

Handsome Cloth, 7b. 6d. Gilt, for Presentation, 8a. 6d. 

OPEN-AIR STUDIES IN BOTAjlY: 

SKETCHES OF BRITISH WILD FLOWEBS 

IN THEIB HOMES. 

By R. LLOYD PRAEGER, B.A., M.R.I.A. 

Illustrated by Drawings from Nature by S. Rosamond Praeger, 

and Photographs by R. Welch. 

General Contents. — A Daisy-Starred Pasture — Under the Hawthorns 
—By the River — Along the Shingle — A Fragrant Hedgerow — A Connemara 
Bog — Where the Samphire grows — A Flowery Meadow — Among the Corn 
(a Study in Weeds) — In the Home of the Alpines — A City Rubbish-Heap— 
Glossary. 

"A fbbsb and STOCULA.Tnre book . . . should take a high place . . . The 
Illustrations are drawn with mnoh sldlL"— The Timet. 

" Beautifully illustrated. . . . One of the most accurate as well as 
nrrmRBBTiHG books of the kind we hare Been."—Athetumtm. 

"Redolent with the scent of woodland and meadow."— The Standard. 



With 12 Full-Page Illustrations from Photographs. Cloth. 
Second Edition, Revised, 8s. 6d. 

OPEN-AIR STUDIES Ijl GEOLOGY: 

An Introduction to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology in the Royal College of Science for Ireland, 
and Examiner in the University of London. 

General Contents.— The Materials of the Earth— A Mountain Hollow 

— Down the Valley — Along the Shore — Aoross the Plains — Bead Volcanoes 

—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 

Folds of the Mountains. 

"The FAsontAinrQ 'Om-Aix Studies' of Prof. Oolb give the subject a glow of 
•AsmATiOM . . . cannot fail to arouse keen interest in geology."— Geological Mmgmeime. 
" A OHAXHnro book, beautifully illustrated." -Alhenaum. 



Beautifully Illustrated. With a Frontispiece in Co/ours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEU-AIR STUDIES IN BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open Heath and Moor.— On the Mountains. — Amongst the Evergreens.— 
Copse and Woodland.— By Stream and P00L— The Sandy Wastes and Mod- 
flats.— Sea-laved Rocks.— Birds of the Cities.— Index. 

"Enriched with excellent illustrations. A welcome addition to all. libraries. "—JfVrf* 
minster Review. 

LONDON : CHARLE8 GRIFFIN A CO.. LIMITED, EXETER 8TREET. 8TRAND 
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CHARLES GRIFFIN A CO.'S PUBLICATIONS. 



Twenty-second Annual Issue. Handsome cloth, 7s. 6d. 

(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or THB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 

AND IRELAND. 

OOXPILBD FROM OFFICIAL SOURCES. 

Comprising {together with other Official Information) LISTS of tko 
PAPERS read during the Session 1904-1905 before all the LEAOINS 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
ments of Research ;— 



1 1. Science Generally : *>., Societies occupy- 
ing themselves with several Branches of 
Science, or with Science and literature 



JsP- 



§ a. Mathematics and Physics. 
§ 3. Chemistry and Fhotography. 

1 4. Geology* Geography, and Mineralogy. 

15. Biology, including Microscopy and An- 

thropology. 



S 6. Economic Science and Statistics. 
( 7. Mechanical Science, Engineering, 

Architecture 
I 8. Naval and Military Science. 
I 0. Agriculture and Horticulture. 
I xo. Law. 
J 11. literature. 
\ x*. Psychology. 
§13. Archaeology. 



§14. Medicine. 



"Fills a very real want. m — Engineering. 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
Journal. 

M The Yeas-Book or Socmnss is a Record which ought to be of the greatest use for 
the progress of Science." — Lord Plagfiur, F.R.S., K.C.B., M.P., P«ut-Prwd*nt tftk* 
British Atttciatum. 

"It goes almost without saying that a Handbook of this subject will be in time 
m^oHheinos^Kneiallvjis^ THmtt. 

"British Societies are now well represented In the 'Year-Book of the Scientific and 

MArt. "Societies" in New Edition of 



jenresei 
udlrel 



Societies of Great Britain and Ireland. ' 
"Encyclopaedia Britannica," vol. surii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



The year-book or societies forms a complete index to the scientific work of the 

uona^yea^nthevanous^Departxnents. It is used as a Handbook in all our great 
Scientific Centres, Museums, and Libraries throughout the Kingdom, and has become 
an indispensable book OF REFERENCE to every one engaged in Scientific Work. 

READY IN OCTOBER EACH YEAR. 



LONDON: CHARLE8 GRIFFIN * CO., LIMITED, EXETER 8TREET, 8TRAKD. 



